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ADVERTISEMENT. 

THE following tranflation was begun from the Latin Edition 
piiblifhed in Holland, but after the tranflator had proceeded in the 
work as far as the conclufion of the fubje6ls defcribed in the two 
firh plates, he obtained from Holland the original Dutch Edition. 
He has carefully compared the two verfions, and finds that the 
Dutch is faithfully rendered in the Latin, and confeqiiently that the 
lenfe of the author is not injured by the Englifli being fo far taken 
from thence. The learned reader may himfelf form a judgment 
of this, by the following paragraphs, taken from tlie Dutch and 
Latin Editions, whereto an Englifli tranflation is fubjoined, and in 
which care has been taken to follow the Dutch original as literally 
as poffible. 

“ Wy willen dan hoopen, dat de onderfoekers der natuiirlyke 
“ zaken, die tot nog toe verborgentheden dieper en dieper fullen 
“ op delven, om alfoo meer en meer de waarheid voor de oogen 
geflelt hebbencie, van veele oude dwalingen, een afkeer te doen 
“ krygen, waar na alle die de waarheid lief hebben behooren te 
tragten. Want tvy en honnen den Heer en Maaker van het geheel 
Al, niet meer verheerlyken, ah dat wy in alle zakeii, hoe klein die ook 
‘‘ in onfe hloote oogen mogen zyn ., ah ze maar levei\en zvasdom, hebben 
ontfangen, -zyn Al-zv)ijheit en Vohnaaktheit^ met de uitej'Jle verivon- 
deririg fien uit JlekenA 

Leeuwenhoeks Brieven, 99fle miffive. 

‘‘ Speramus ergo naturce indagatores omnem in poherum in id 
‘‘ impenfuros operam, ut ea, quse adhuc in cjus finii occulta latent 
ulterius in propatulo ponant, atque ita in hominibus, veritatis 
lumine illuftratis, antiquorum errorum ingenerent fahidium; 
quod omnium veritatera amantium fludium ehe decet. Non enim 
‘‘ hujus univerfi Dominiim atque Opificem melius nos glorifiCare pojfe 



cejifeo, quant fifummam ejus PerfeBionem atque Saplentiam, in om- 
nibus rebus, quanlumvis nudo oculo exiguis, tnodo vitatn at incre-- 
mentum nactis, elucentes, admiremur femper atque celehremus.” 

Continuatio Leeuwenhoekii Epiftolarum. Ep. 99. 

We will hope then, that the enquirers into Nature’s works, by 
diving deeper aud deeper into her hidden inyfteries, will more and 
more place the difcoveries of thofe truths before the eyes of all, fo 
as to produce an averfion to the errors of former times, which all 
thofe who love the truth ought diligently to aim at. For zve cannot 
in any better manner glorify the Lord and Creator of the Univerfe, 
than that, in all things, hozv/mail Joever they appear to our naked eyes, 
zvhich yet have received the gift of life and power of increafe, zve contem¬ 
plate the difplay of his Oninifcience and Perfedtions zvith the iitmofl ad¬ 
miration. 

N. B. The Dutch words printed in Italics, are written under the author’s portrait prefixed to 

this Work. 

The Dutch motto in the title page, is taken from the works of 
Jacob Cats, who has been ftiled byway of eminence, the Horace of 
Holland; the learned reader will find it under the head of ‘‘ Ge- 
dachten; Op ’tgefichte van fchoone Schepfels.” As the Tranflator is 
not pofTefied of any poetical talents, his readers mufl be content with 
plain Englilh profe. 

“ When thou beholdeft the curious works of nature, do not be content with merely gazing 
at their beauties, (and canft thou poifibly dwell on them without looking higher?} but 
raife thy thoughts to the contemplation of Him by whom every thing that is fair and 
beautiful was created.” 

Cats’s Reflcdfions on viewing the Beauties of the Creation. 

The Latin quotation from Virgil, is thus rendered by Mr. Drj^dem 

“ Hence men and beafts the breath of life obtain, 

“ And birds of air, and monflers of the main.” 

Dryden’s VirgiI,iEn.B. vi. 1 . 986. 



INTRODUCTION. 


1 O thofe who are acquainted with the works of Mr. I^eeuwea-' 
hoek, or who have been much converfant in Microfcopical ftudies, 
this Introdudfion may appear unnecelfary: but thofe to whom the 
fubje6l is new, will find fo many wonders laid open to their view, 
as perhaps to induce a doubt of the Author s accuracy in his obfer- 
vations, or his veracity in his narrations. Indeed, the extreme mi- 
nutenefs of many of tlie fubjedls on which he treats, is in fome 
inftances beyond the reach of our capacities to comprehend,^' although 
we may be fully allured of their exiltence. In fadd, it appears by 
Mr. Leeuwenhoek's writings, that the difficulty now ffated, was 

* The Spedlator, in one of his papers on the Pleafures of the Imagination, has a paflage 
fall to the prefent purpcfe, which is as follows: 

‘ Nothing is more pleafant to the fancy, than to enlarge itfclf by degrees, in its contem- 
* plation of the various proportions which its feveral objects bear to each other, when it com- 
‘ pares the body of man to the bulk of the whole earth, the earth to the circle it defcribes round 
‘ the fun, that circle to the fphere of the fixed ftars, the fphere of the fixed ftars to the circuit 
‘ of the whole creation, the whole creation itfelf to the infinite fpace that is every where dif- 
‘ fufcd about it: or when the imagination works downward, and confidcrs the bulk of a human 
*■ body, in refpefl of an animal a hundred times lefs than a mite, the particular limbs of fuch 
‘ an animal, the different fprings w'hich adluate the limb?, the fpirits which fet thefe fprings a 
‘ going, and the proportionable minutenefs of thefe feveral parts, before they have arrived at 
‘ their full growth and perfedlion. But if, after all this, we take the leaft particle of thefe 
‘ animal fpirits, and confider its capacity of being wrought into a world, that fliall contain 
‘ within thofe narrow dimcnfions a heaven and earth, ftars and planets, and every different 
‘ fpecies of living creatures, in the fame analogy and proportion they bear to each other in our 
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made a matter of obje6tion by feveral of his cotemporaries, there¬ 
fore the following paflage in his own words, will lerve to hate the 
obje6lion, and the manner in which it was anfwered by the Author 
himfelf. 

‘ I have often heard, that many perfons difpute the truth of 
‘ what I advance in my writings, faying that my narrations con- 
‘ cerning animalcules, or minute living creatures, are merely of my 
‘ own invention. And, itfeems, fome perfons in France have even 
‘ ventured to ahert, that thofe are not in truth living creatures, 
‘ which I defcribe as difcoverable to our fight, and alledge, that after 
water has been boiled, thefe particles in it which I pronounce to be 
‘ animalcules will be ftiil obferved to move. The contrary of this, 
^ however, I have demonftrated to many eminent men, and I will be 

* bold to fay, that thofe gentlemen who hold this language, have 

‘ own univcrfe; fach a fpeculatlon, by reafon of its nicety, appears ridiculous to thofe who 
‘ have not turned their thoughts that way, though at the fame time it is founded on no lefs 
‘ than the evidence of a demonftration. Nay, we may yet carry it farther, and difcover in the 
‘ fmalleft particle of this little v/orld, a new inexhaufted fund of matter, capable of being 
‘ fpun out into another univerfe. 

‘ I have dwelt the longer on this fubjed, bccaufe I think it may fhew us the proper limits, 

‘ as well as the defctdivenefs of our imagination j how it is confined to a very fmall quantity 
of fpace, and immediately ftopt in its operations, when it endeavours to take in any thing 
‘ that is very great, or very little. Let a man try to conceive the different bulk of an animal, 

‘ which is twenty, from another which is a hundred times lefs than a mite, or to compare in 
‘ his thoughts, a length of a thoufand diameters of the earth, with that of a million, and he 
‘ will quickly find that he has no different meafures in his mind, adjufted to fuch extraordi- 
‘ nary degrees of grandeur or minutenefs. The underftanding, indeed, opens an infinite fpace on 
‘ every fide of us ; but the imagination, after a few faint efforts, is immediately at a ftand, and 

* finds herfelf fwallowed up in the immenfity of the void that furrounds it: our reafon can pur- 

* fue a particle of matter through an infinite variety of divifions; but the fancy foon lofes 
‘ fight of it, and feels in itfelf a kind of cliafin, that wants to be filled with matter of more fen- 

* fiblebulk. We can neither widen, nor contract the faculty to the dimcnfions of either 
extreme. The objedt is too big for our capacity, v/hen we would comprehend the circum¬ 
ference of a world; and dwindles into nothing, when we endeavour after the idea of an 
atom.’ 

* Spectator, No. 420.’ 
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‘ not attained to a degree of proficiency toobferve fuch objeas truly. 
^ For my own part, I will not fcriiple to alfert, that I can clearly 
‘ place before my eye the fmalleft fpecies of thofe animalcules con- 
‘ cerning which I now write, and can as plainly fee them endued 
^ with life, as with the naked eye we behold fmall flies, or gnats 
‘ fporting in the open air, though thefe animalcules are more than a 
‘ ]niIlion of degrees lefs than a large grain of fand. For I not only 
‘ behold their motions in all dire6lions, but I alfo fee them turn 
‘ about, remain hill, and fometimes expire; and the larger kinds of 
‘ them I as plainly perceive running along, as we do mice with tlie 
‘ naked eye. Nay, 1 fee fome of them open their mouths, and move 
‘ the organs or parts within them ; and I have difcovered hairs at 
‘ the mouths of fome of thefe fpecies, though they were fome thou- 
‘ fand degrees lefs than a grain of fand. 

But fmce it is pronounced to be incredible, that within the fpace 
‘ occupied by a grain of fand fo many animalcules can be contained, 
‘ and that it is impoffible for me to calculate truly fuch numbers, I 
‘ have thought on the following method of computation, to place 
‘ this matter in a clearer light. I lay it down as a pofition or truth, 
‘ that witli the microfcope I can fee the fpace occupied by a grain of 
‘ land'K magnified to the fize reprefented by the circle A BGC. 

‘ Next, I iuppofe that I obferve within this fpace an animalcule 
‘ fwimming or running along, and appearing of the fize reprefented 
‘ at D. Taking the meafure of this by my eye, I conceive the axis 
‘ or thicknefs of the animalcule thus pi6lured at D, to be the twelfth 
‘ part of the axis of the grain of fand reprefented by ABGC ; there- 
' fc^re, by the common rules of arithmetic, the Iblid contents of a 
‘ f])here or globe whofe circumference is defcribed by the circle 
‘ABGC, will be 1728 times larger than a fphere of the fize of D. 

* ‘ A grain of fand the Author in another place defcribes to be of that fort called fcowering 
land, or giafs-grinJers fand. 
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' Next, I obferve aiiotlier kind of animalcule, wliicli, mcafuring, by 
‘ my eye through a good microfcope, I judge the axis or thicknels 
‘ of it to be one fifth, but fuppofe it only a fourth part of the fize of 

* thefirfl animalcule D, fiich as is reprefented by the circle E, and 
" then, by tlie fame rule, the fize of D muff be 64. times larger than 
‘ that of E; and if this lad number be multiplied b}^ the former, 
‘ (1728) we lhall lind that 110,592 animalcules of tlie fize of E, 

* (fuppofmg their bodies to be of a fpherical figure), will be required 
‘ to make up the fize of the fphere A B G C, LaRly, I perceive a 
‘ third kind of animalcule, tlie fize of which appears to be oniy a 
‘ tenth part of the animalcule at E, Inch as the point at F denotes ; 
‘ and that confequently, one thoufand of thefe will be more than equal 
‘ to the fize of that at E. And, if this number be again multiplied by 
' the former, it will be plain to demonftration, that more than an 
‘ hundred millions of animalcules can be contained within the com- 
' pafs of a grain of fand#/ 

This paffage refpedfs the fize of animalcules, which the Author 
reprefents by coinparifon with the known fize of a grain of land ; 
other minute objedls which he frequently defcribes, are, the veffels 
in the bodies of infedfs, the threads of Spiders, the filaments or 
threads of wool, the fibres compofing the fiefli of animals and the 
like. All thefe he confiders as of a cylindrical form, that is to fay, 

* ‘ The folid contents of fpheres b^^ing in the fame proportion as the cubes of their axes, 

■ the mathematical demonftration of the Author’s pofition is fet down by him thus 
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if hollow, like a round pipe, and, if folid, like a round flick, wire, 
or rope, and lie conveys to his readers an idea of their miniitenefs, by 
comparing them with' the known fize of a fingle hair. The method 
ufed by him in afcertaining this proportion he defcribes as follows i 

‘ In examining the intellines of flies and other infedls by the mi- 
‘ crofcope, I have difcovered vefleis conveying the blood and juices, 
‘ the 1 mailefl ramifications or branches whereof appeared to me more 
‘ than two hundred thoufand times lefs than an hair of my beard. 
‘ x 4 nd i will here explain how I compute this proportion, W'hich to 
‘ many may appear wonderful. 

" I have a plate of copper, with many lines engraven on it, and 
divided into a number of fmall equal parts. I then carefully ob- 
‘ ferve how many of thefe parts one hair taken from my beard, and 
‘ feen through the microfcope, appears to cover. Suppofing that the 
‘ diameter of this hair, when magnified, appears equal to fifty of 
‘ thofe parts, then with the point of a needle I trace on the copper 
‘ a line, of the fame fize by the naked eye as is equal to one of thofe 
‘ fmall veins or vefleis in a fly, feen through the microfcope ; and I 
‘ find that nine of thofe fmall lines fo traced with a needle, when 
‘ placed clofe together, are a fiftieth part of the diameter of the hair. 

‘ If then 450 diameters of thofe fmall veins which I mofl plainly fee in 
‘ a fly are no more than equal to the diameter of one hair taken from 
‘ my beard, it foliows,=^ by the rules of arithmetic, that one of fuch 

* Mr. Leeuwenhoek here confiders the hair to be round, as well as the fmall vefTels he 
alludes to, and, fuppofing each of thefe to be cut through or acrofs the middle, the fecSion 
would exhibit a circle. Now the a.'-eas of circles being i;i proportion to the fquares of their 
diameters, the Author’s propofition is mathematically demonftrated thus: 
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‘ hairs is more than 200,000 times larger than tlioi-e very finall blood 
‘ veOels in a fly.’ 

Tlie author fometimes computes the fize of fmall obje6ls by ali¬ 
quot or equal parts of an inch, and, for the more readily placing 
tliefe before the reader’s view, the tranflator has fubjoined a fcale of 
inches divided into feveral different numbers of equal parts, and in 
each of thefe divifions is marked the proportionate fize of the fame 
number of parts in a fquare inch. 

Further, at H I K L, is given a reprefentation of a cube, and at 
M N O P, a drawing of a cylinder, in order to convey an idea of 
thofe figures to fuch readers as have not been much converfant in 
the dodlrine of folids. The number of parts or circles contained in 
the cylinder, will not be found to anfwer fo exa6lly to the arith¬ 
metical computation as thofe in the cube, and this is occafioned by 
the interftices or fpaces between the circles in the cylinder, which 
only touch each other in a point, 
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Of the oak. 


The Nature of its Prodiidiion ; the different Degrees of Goodnefs in 
Oak Timber; and the Caufes of that Difference. The Authors 
Opinion as to the proper Seafon for fellmg Timber. 

In order to form a true judgment of the nature of this Tree, and 
the better to comprehend the following defcriptions of the ^ vefTels, 
which compofe the fame, let us firh attend to Plate I. i 
BCD, and imagine it to reprefent the furface of an Oak when 
cut tranfverfely or acrofs the middle, on which furface eighteen 
circles appear ; which circles are the clear and undoubted marks of 
eighteen years growth, the tree being increafed every year by the 
addition of one circle, (and in the latter of thofe years the circles are 
the largeft, though not all of equal magnitude, but in proportion 
to the fertility of each year.) The fmall portion of this wood, 
defcribed in the next figure is marked in the fixteenth circle by the 
letter E. Farther, fuppofing the tree to be fawn acrofs, as above- 
mentioned, and afterwards planed or polifiled, we fliall obferve 
throughout the furface, Breaks or creafes, reaching from the centre 
A, to the circumference B, and thefe are veflels conveying the nu- 

* By the word veflel?, are to be underftood, throughout this Work, final! tubes, or pipes, 
runningin different diredtions, in the fubjedfs treated of 

t This figure, which in the original, is only fo'many circles, the Tranflator has caufed to 
be engraved from a piece of Oak of the fize here defcribed; at F is reprefented a knot which 
was in the tree. 
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tritive juices of the plant outwards towards the bark, as in the next 
figure will be more fully explained. 

Fig, 2, AB C D, reprefents a fmall piece of Oak, drawn as nearly 
as could be done, according to its appearance feen through a micro- 
fcope, prepared by me for that purpofe, and which piece of wood 
appears to the naked eye of the fize reprefented at fig, 2,X. 

The dark fhades at F F, F F, indicates the part where, towards 
Autumn, the vegetation and increafe for that year ceafe; and about 
this time, and in this part, the wood becomes exceeding hard, being 
compofed of fuch fmall veffels, that it is diihcult, and at laff im- 
polTible to dihinguifh tliem, for which reafon they ahiime the ap¬ 
pearance of dark Breaks or fliades. Between the letters F F, FF, 
is contained that fpace, or thicknefs, which the tree acquires 
through its circumference, in the fpace of one year. 

This fpecies of timber tree, has five different kinds of vefi’els, 
three rifing perpendicularly, and two extending, or fpreading hori¬ 
zontally. 

EEE, reprefent the firft fort of thefe perpendicular veffels, 
wliich are very large, and are produced in the fpring, with the firit 
rife of the fap. The infides of thefe veffels are full of a kind of 
veficles, or little bladders, compofed of very thin membranes, or 
Ikins, and thefe are to be feen in fig. 3, where, at the letters 
L K IM, is reprefented a fedtion of one of thefe large veflels, di¬ 
vided longitudinally, and feen through the microfcope. 

The fecond fort of thefe perpendicular veffels is much fmaller, 
and is alfo compofed of exceeding fine membranes, intermixed with 
a kind of fpots, v/hich by the microfcope, appeared to my eye like 
globules, or little balls, as reprefented in4, ON, which exhi¬ 
bits one of thefe lecond fized veffels, divided longitudinally. 

The third kind of thefe perpendicular veffels is exceeding fmall, 
but in great numbers: likewife compofed of exceffively minute. 
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niembraiies, and tlicic arc alfo rcprefented wlicn cut longitudinally, 
or lengthwa3's, at fg. 4, P Q. 

All thefe perpendicular veflels, which are found in fo fniall a 
piece of wood as that before re prefen ted j and which in fize, is about 
the ninetieth part of a fquare inch, do amount in number, in my 
opinion, to twenty thoufand ; fo that an Oak tree of four feet in cir¬ 
cumference ^ contains, according to my computation, more than 
three thoufand two hundred millions of thefe perpendicular veilels, 
and in a tree of no more tlian one foot in circimiference, will be 
found two liundred millions of fuch velfels. 

Thefe perpendicular veflels do, for the nioR part, infufe, or inflil 
their juices into other veflels, which are almoft innumerable, lying in 
an horizontal pofition in the tree, and by the means of which iPs bulk 
or thicknefs is daily increafed : thefe veflels are of two forts. 

F/g. 2, G G G, reprefents one fort of thefe horizontal veflels, 
which originally, or at tlie firfl formation of the plant, are derived 
from the marrow, or pith, in the centre of it, but afterwards, in 
great numbers, take their origin from the perpendicular veflels. 
Thefe veflels appeared to my eye like dark ftreaks ; but in order to 
examine them more clearly, I cut a piece of the wood lengthwife, 
fo that they were cut exadlly acrofs, and then each of them ap¬ 
peared to be formed of five,, fix, or even feven veflels joined one 
on another, as the}" are reprefented in Jig. 4, intermixed among the 
perpendicular veflels. 

The other fort of horizontal veflels, lying in great numbers 
or clufters, clofely joined to each other, though not evenly dif- 
fufed throughout the wood, when examined in their horizontal 
pofition, appear as injf^. 2, AB, or C D, (but when cut tranfverfely, 

* The circumference of a circle being about three times it’s diameter, a tree of four feet 
in circumference, will be fixteen inches in diameter, and one of a foot in circumference, four 
inches diameter, the fize rcprefented inF.g’. i. 



they are reprefented as feen by the naked eye, in fig- 5 , R S,) and 
where they are reprefented magnified and feen longitiidinaliy in 
fig. 2, I have in many places drawn crofs hues, to reprefent what I 
conceive to be minute valves, and though I could not fee them fo dif- 
tindlly, as here tliey are drawn, yet I cannot doubt of their exiftence, 
liaving freqiientiy feen thefe valves in other woods, and particularly, 
very di/lliKRR in the Elm ; befides, it feems evident to 'me, that 
without fuch valves the tree could not be increafed in its bulk, on 
account of the great force required to feparate and loofen the bark 
from the tree, in the time of fpring, and alfo for the violent burn¬ 
ing open of the bark, to allow for the growth and increafe of the 
wood : and if there wpre not fuch valves, the juices, which by the- 
action of the fun are drawn outwards, would, at lun fet, when that 
motion of the juices ceafes, be drawn back again, and their exei - 
tions to diflend the bark become friiitlefs. A portion of thefe veffels 
is reprefented inyf^-, 4, TV, which figure is drawn from a microfeope 
of greater magnifying powder than that from which the perpendicu¬ 
lar veffels are drawn, in order that thefe horizontal ones may be 
more clearly feen: and in this fmall piece of wood, and in this little 
fpace, which is no more than the feven hundredth part of a fquare 
inch, are more than tw^o thoufand veffels. 

It is well known that there is a great difference in Oak Timber, 
namely, whether it grew in mountainous fituations, or low lands, and 
whether in warmer or colder climates, and laftly, whether it was of 
quicker or flower growth. As to the fpecimen of Oak which has 
been juff deferibed, it was taken from a tree of thebeff quality, very 
compadl: and clofe grained, and which had been very flourifhing in 
its growth. 

Oak timber of this fuperior quality we muff not expedl to find in 
the Northern or cold countries, but in the warmer ones. The very 
belt timber that we have here, in Holland, is brought down the 
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Uliiiie from tlie places of its growth, which are nearly in the hime 
parallel of Northern latitude with oiirfelves. The Oak which we 
have from Riga, Koningfl^erg, and Dantzick, is very perifnable, and 
of a fpongy nature, becaufe it grows in a colder climate, and increafes 
in it's bulk much more flowly than that before-mentioned ; but yet 
this wood, though fo perilhable, is deemed the bell for making beer- 
barrels, becaufe it does not impart any ill tahe to the beer, tlie rca- 
fon of which I take to be, that in cold climates tlie Oak does not ac¬ 
quire fo much acrid fait as it does in warmer ones; but I do be¬ 
lieve, that if tlie better fpecies of Oak, after being cleft into haves, 
were to be leaked in water for a certain time, tliis acrid fait would 
be extradfed from it, and that the calks made of it would be greatly 
fuperior to thole made of Riga Timber. 

The Oak, as has been before obferved, in the beginning of its 
growth every fpring, produces very large vellels, but the reft of the 
year much fmaller ones; confequently, when the tree fo flouri flies 
as to acquire an increafe in it's femi-diameter, or on one fide of it's 
outward furface, of one half, one third, or a quarter of an inch, 
there will be in this fpace only one feries, or row of fuch large vef. 
fels ; but on the contrary, where the increafe is flow, then, with¬ 
in the fame fpace of one half, one third, or a quarter of an inch, there 
will be formed from twenty to ten, or eleven fuch rows of large vef- 
fels, Tliis great number of large veiTels in fo fmall a fpace, not 
only renders the wood very porous and brittle, but alfo very perilh¬ 
able, efpecially if it is ufed in works expofed to much moifture, and 
where there is no free current of air: and hence it is, that lliips 
built of French or Englilh Oak, are mudi more durable than thofe 
built of timber growing in the more Northern and cold countries. 

In order, more clearl}^ to explain the nature of the heft Oak 
timber, let us revert to fig. 2, reprefenting a portion of a tree wliich, 
in one year, had acquired in thicknefs almoft a fixth part of an inch 
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in it’s femi-diameter, or one third of an incli in the whole, and in 
this, one row or circle, and no more, of the very large vcOels, be¬ 
fore defcribed, had been formed. Then, to difcern the difference 
between this timber and that brought from Riga and Koninglherg, 
let us attend to fg. 6 , ABCDEF, wherein is exhibited a fmall 
piece of fuch timber cut tranfverfely, and drawn from the micro- 
fcope. 

The piece of wood which, in this figure, is reprefented by ABC, 
or D E F, contains about the fifteenth part of an inch in lengtli^, and 
this length, or rather this thicknefs, the tree had acquired in two 
years growth, fo that A B denotes the thicknefs produced in the tree 
in one year, and is about the thirtieth part of an inch in length ; B C 
or E D, indicate the increafe of the following year; ABC and FED 
reprefent the larger horizontal veilels, wdiich iny^'. 2, are explainedby 
AB or CD ; and the dark lines HHHH, indicate the fmaller hori¬ 
zontal ones, which in2, are defcribed by G G G : all the round 
cavities, of which there are three difierent fizes reprlented in this 
figure, and which are found within the compafs of the thirtieth part 
of an inch in length, arc the three different forts of perpendicular 
vefiels before defcribed, Hence we fee that in a tree, which is 
augmented in fize, in it’s femi-diameter, one inch, or in the whole 
diameter two inches and no more, in the growth of thirty years, 
there will be formed thirty rows, or feries of large veffels ; from 
whence it follows, that the greateft part of Oak Fimber, of fuch 
flow growth, miift be very foft and perilhable: and if on the other 
hand we confider, that Oaks growing in a warmer climate may, in 
one year, increafe in fize, in their femi-diameter half an inch, or an 
inch in their whole diameter, we may eafily perceive how large a 
portion of wood will be formed in them, having only one row of the 
large veffels in it, and how firm, folid, and durable fuch wood muff 
be. 


'•* This fize is reprefented in fg. 6, at X, 
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Let a tree of flourifhing growth be iiicreafecl in magnitude, in the- 
fpace of a year, one fourth part of an inch, in fuch a fpace will be 
produced one circle of the large vehels; another tree growing in 
a colder climate fnall require eight or ten years growth to increafe in 
the fame degree : in this laft tree, within the fourth of an inch fpace 
will be formed eight or ten circles of large veffels, the neceffary 
conclufion is, that Oak Timber growing in coM climates muftbe foft 
and peri (liable, and it mult be acknowledged that Oak timber grow¬ 
ing in tills country of Holland, is fuperior in quality to that produced 
in more Northern latitudes : again, that the Oak Timber of Bra¬ 
bant and Flanders, is fuperior to ours, and laftly, that the French 
and Englifh Oaks are the molt excellent of all. 

One thing muft however be confidered, v;hich is, tliat the very 
largeft Oaks are not always fo valuable as trees of a more moderate 
fize, that is to fay, if they were of. good growth, and are free from 
decay; for though large trees, in the firft thirty, forty, or fifty 
years may grow very faft, and produce excellent timber, yet when 
they come to the age of an hundred, or an hundred and twenty 
years, the circles of wood added every year, become very narrow, 
and the thicknefs increafes flowly, fo that the large veilels in the 
wood approach near together, and confequently the exterior or out¬ 
ward parts of fuch large timber become very foft, in comparifon 
with the inner part of it. 

It is the general opinion in this- Country that timber is much 
more folid or durable wlien felled in winter than in luinmer. But 
I think that if we examine this opinion, we fhall find it to be erro¬ 
neous. 

It is true, that if timber be felled in the fummer time, the bark 
can much more eafily be feparated from it than in the winter ; for 
the wood newly formed each year always adheres to the bark, and 
the bark is every year propelled or driven outwards from the laft 
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year's wood, and as the tubes or vefl'els of which fiich newly formed 
wood is compofed, are during the time of their growth not foiid, but 
of a very foft texture, this is the reafon why the bark can be fo eafily 
llripped off in the fummer time. But that any part of the tree, ex¬ 
cept that of tlie new growth, Ihould be more foiid in winter than in 
fummer, feems to be altogether impoffible ; for it is plain to demon- 
ftration tliat ail trees are compofed of multitudes of fmall tubes or 
vellels, which are formed every year by the tree's growth, and that 
when once formed tliey preferve their fhape and fize, without any 
alteration, although the tree be above an hundred years old. Thefe 
tubes, which in all feafons are filled with juices, are neither lefs in 
winter nor larger in fummer, for the Juice which circulates through 
them is at all times the fame. But if it were poffible that the fub- 
ffance of trees in v/inter could be more clofe or compacff, and in 
fummer more fpongy or diftended, it would follow that the hard 
and dead bark furrounding the tree would in winter be I’eparated 
from the wood, and in fummer more fplit open than it is found to be; 
but fince we do not obferve this to happen in either inftance, it muff 
be the better opinion, that timber felled in fummer is equally good 
with that cut down in winter ; and if any one will take the trouble to 
examine thofe fmali chinks or fifdires which are produced in the bark 
during the tree's growth in fummer, he will find that trees are not 
increafed in their fi ze or fubffance in an haffy manner, but by very 
flow degrees. 











Of the fir. 


The different Degrees of Goodnefs in Fir Timber, hozv difcoverahle j 
t^:e 7 ninute Veffels which enter into the Compofjtion of this Tree de- 
fcribed at large. 


In treating of tlie Oak I have confidered, that the fpecies of it 
growing in warm climates, is fuperior to that which is produced in 
cold countries. But we muft not imagine this to be the cafe with 
all Woods ; on the contrary the Fir Timber growing in cold coun¬ 
tries is fuperior to that produced in warm ones, where its growtii 
is rapid. For the perpendicular veflels of which the Fir is compofed 
are comparatively fmall, and though we may fee here and there 
in this wood a large p^pendicular veflel, that is no great exception 
to the general nature of it. 

In the Fir, at the beginning of its growth every year, the per¬ 
pendicular veffels, (which are all of the fame kind), are formed 
twice as large as thofe towards the end of the feafon, when the 
growth ceafes, and thefe latter-formed veffels are, in refpedl of their 
component woody parts, very compa6l and clofe, having very 
fmall cavities, and confequently producing durable timber ; and 
the lefs this tree grows every year, the greater number of thefe 
compa6l veflels enter into its compofition. Hence we may gather, 
that if, upon examining Fir Timber at the ends, when it has been 
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cut or fawn acrofs, we obferve the circles, denoting each year's 
growth to approach very near together, we may eafily conclude 
that fuch timber is firm and durable, efpecially if we perceive 
great part of thefe circles to be moiftened or tinged with a refinous 
or gummy fubfiance, named Turpentine. 

The produ 61 :ion or growth of the Fir is fliewn in Plate l.fig. 7. 
which reprefents a fmall piece of this wood, as feen by the micro- 
fcope, when cut tranfverfely, in order to fliew the difference be- 
tween the perpendicular veffels formed in the Spring, and thofe pro¬ 
duced in Autumn, wTen the growth ceafes. 

The natural fize of the fpace contained between ABC, or EFG, 
is about the fifteenth part of an inch in length ; ABFG, denote that 
portion of the wood formed towards the latter end of the year, and 
the line of feparation appearing at B F, is the place where the increafe 
for that yearceafed. BCEF indicate a part of the fame w^ood, 
produced in the beginning of the following year. 

DD, and GG, are the horizontal vellels, which in this wood are 
placed very clofe to each other, fo that wdren cut tranfverfely it is 
difficult to diftinguifh them. 

In this figure, we fee the difference between the veffels formed at 
the beginniiig and at the end of each year s growth. And if the wood 
here reprefented, within the fpace ABC (which is the fifteenth part 
of an inch) required two years to enlarge the femidiameter of the 
tree to that thicknefs, it follows, that in this fpace there will be two 
rows or circles of the compadf vellels pidlured, between AB. More¬ 
over, the piece of wood which is here defcribed was from a tree of 
quick growth, and timber of flow^er growth not only would produce 
fewer of the large vellels, but alfo thofe veffels firft formed in the 
Ipring w^ould be 1 mailer in proportion, efpecially if growing in a 
colder country, and in a good foil. In a word, the nearer the cir¬ 
cles before mentioned approacli together, the flow'er w-as tlie 
growth, and this fpecies of Fir is the moft durable. 
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In refle6ling upon the nature of t]ie tubes or veflels of which wood 
confifts, I conlidered with myfelf, whether each of thefe tubes was 
not formed of two diHindi kinds of exceffively fmall vefiels or coats, 
one Ibrt extending lengthways, and the other fort encompaffing 
each tube in a circular diredlioii, as I had oblerved the quills * of 
feathers to be formed, in order to give to each tube a degree of 
llrength and lirmnefs. 

To inveftigate this, I examined feveral kinds of wood, and 
particularly the Fir, and at length I oblerved in fplitting the 
larger tubes or vefl'els of the wood, that fome of them were in¬ 
dented or jagged in the fplitting, and I alfo imagined tliat I faw 
the tube to conlift of fmaller vefiels in a ftrait perpendicular direction 
which were not dilFufed all over the membrane or coat, but only 
placed on each fide of it, whence I gathered, that though the minute 
vefiels, fome of which 1 conceived to extend longitudinally, and 
others toencompafs each tube of the wood, cannot always by reafon 
of their exceeding fmallnefs be difcovered, yet that the tubes are in 
reality formed like the quills of birds in order to give them the greater 
ftrength. 

In further profecuting this inquiry, I procured a piece of tlie Pitch 
Pine or Fir newly felled, and which had been of very quick growth; 
and having placed a fmall part of it before the microfcope, I diredled 
the Engraver to copy the figure of it as exadlly as poffible. 

Fig. 8, ABCDEFG, reprefents this fmall piece of wood, whicli 
I fplit longitudinally as thin as pofiible. It’s extreme thinnefs brought 
clearly into view a great number of globules contained in the vefiels 
of this wood, and which afford a moft pleafing fpedlacle, not only 
on account of their exadl globular figure, but alfo becaufe in each 
of the globules is a lucid or bright fpot. 

This fmall piece of wood I found particularly eligible for my 


■* The Author’s examination of this fubje< 5 t will appear In the courfe of the work, 
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obfervations, partly becaufe it is very rare to find a piece fplit out 
fo long, and fo thin with the perpendicular veflels lb clearly difcern- 
ible in it without obfirudlion to the figlit from the horizontal ones, 
and partly becaufe I have feldom found fo many of the globules in 
fo fmall a fpace. Thefe globules in my opinion are the fubfiance we 
call Turpentine, and from which, by burning the wood, Pitch and 
Tar are procured,^' 

Between DE and F, are to be feen the tubes of the wood when 
divided, which plainly appear to be fplit, not exac^ll}^ flrait in length, 
but in a manner indented or jagged and broken fideways. 

I alfo put into the Engraver's hands two feparate microfcopes that 
he might make diftindt drawings of thefe tubes of the wood, and 
from one of thefe was taken /ig. g, M N, where two of fuch tubes 
are reprefented wlien fplit lengthways ; but the Engraver laid that 
he could not polTibly draw all the jagged parts which he faw. And 
we both of us perceived in the broken membrane or coat of the tube, 
many exceffively minute velTels, which by reafon of their fmallnefs 
he was unable to exprefs in the drawing. Fig. lo, O P, reprefents 
a fingle tube of the wood, in which, as plainly as could be done, is 
reprefented the broken parts of the membrane of which the tube is 
chiefly compofed. 

Since then we find by thefe obfervations, that the very fine mem¬ 
branes of which thefe woody tubes confifi;, is not always fplit length¬ 
ways, but often in an indented or jagged form, we may eafily con¬ 
ceive that the tubes of wood, however minute they be, are partly 
formed fimilar to the quills of feathers. 

* It is well known, that Turpentine is procured from the Fir, by making' a wound or incifion 
in the Tree, from whence the Turpentine flows in great abundance. This, upon being diflilled 
produces the fpirit of Turpentine, and what remains at the bottom of the flill, is the fubltance 
called Rofin,—Pitch and Tar are obtained by burning large quantities of the billets of Fir, either 
in the open air, covered with fods to prevent evaporation as was the ancient pra(51ice, or In ovens 
conftrudied for that purpofe, as is the modern method. 
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The fifiure or fplitting of the particle of wood, reprefented in 
was in fuch a dire 61 ion that, as I may fay, it paiTed or took 
its dTe6fion through the center of the tree, by which means the 
horizontal vefl’els, as well as the perpendicular ones, were divided 
longitudinally, and tlierefore are both exhibited in the fame bgure. 

Between KI and H G, the horizontal tubes or velTels are repre¬ 
fented when divided longitudinally. Thefeveflels are found in great 
abundance in this wood, and in fome places fix, feven, or even twelve 
of them fiiall be found clofe together, and it is very rare to fee fo 
large a fpace of the perpendicular vehels \\ ithout horizontal ones, as 
is between G and F in this figure, though the real fize of that fpace 
is not more than the thicknel's of a large grain of fand. 

I have often refledted on the nature of thele horizontal velTels, 
that is, how they are formed, and how fupplied with nutritive juices, 
for through them a new coat of bark is every year produced round 
the tree. At fir If, they undoubtedly have their rife from the mar¬ 
row or pith in the center, but afterwards they mufi: neceflarily pro¬ 
ceed from the afeending velTels. In this enquiry I could not fully 
fatisfy myfelf, except that I obferved the appearance of certain 
fmnll dots or points in many parts of the perpendicular velTels, which 
at length 1 difeovered to be no other than fmall round apertures, 
Thefe are reprefented in fg. 8, between B C, and G H, and as I did 
not fee them in any other places than wliere 1 liad divided the hori¬ 
zontal from the afeending veflels, I concluded that at thefe fmall 
apertures the horizontal velTels are united to the perpendicular ones. 
And I began to confider whether the afeending tubes were not air 
velTels, as well as inftrumental in conveying the nutritive juices. 

I then fat about a more accurate examination of this wood, by 
cutting off thin ffices with the fliarpefi: edged tools I could procure, 
and placed them before the microfeope, and hereupon I difeovered 
a much larger number of afeending velTels than I had before 
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obfervecl, which laft difcovered vefTels were exceeding fmall in coni’- 
parilbn of the fonner ; fo fmall, indeed, that if a large grain of fand 
were divided into ten millions of parts, thefe veflels would dill he 
impervious to them. Hereupon 1 concluded that all the perpendi¬ 
cular veflels which I had before difcovered in this wood, and through 
which I had fuppofed the juices for the nouriflimet of the tree, and 
its fruit, were conveyed, were really only air veflels ; for tliofe 
which I nmv name air veflels are furrounded with three or four of 
the very fmall veflels before mentioned. And I am clearly of opi¬ 
nion, that thefe minute veflels do conflitute and form thofe others 
which I name air veflels, and connedl them one with another; and 
that thefe fmaller veflels convey all the nutritive fubflance for the 
fupport of the tree, its leaves and fruit, and that therefore they may 
properly be named arterial veflels. 

The wood which in fig. 8, is reprefented fplit longitudinally, I 
now cut or divided tranfverfely, to fliew the nature of thefe veflels 
when infpedled into or looked down upon, if I may fo exprefs my- 
felf; and at fig. ii, U VW YZ, a, portion of it is reprefented as feen 
by the microfcope, the natural fize of which w^as no more than 
could be covered by a middling fized grain of fand; and in this 
figure, between the veflels compofing the w^ood, or the air veflels 
before mentioned, are feen the very minute veflels which I call the 
arteries of the wood cut tranfverfely ; but as they are fo very mi¬ 
nute, I caufed four of the air veflels to be drawn feparate as view^ed 
by a ftill deeper magnifier, that thefe laft might be the better dif- 
tinguiflied, and thefe are fliewn at fig. iHj as they lie between the 
air veflels. 

The dark ftreaks which are reprefented in/g. ii, at WYZ, are 
a fmall part of the horizontal veflels divided longitudinally, and 
which veflels are reprefented in fig. 8 , between G H, and I K. 

To this defcription I muft add a little piece of the fame wood which 
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I cut longitudinally, but in a different manner from that defcribed 
mfig. 8 for as in that figure the wood is reprefented when fo Iplit 
that the air veffels, and thofe fmaller ones which I call arteries, and 
alfo the horizontal tubes of the wood, are all divided longitudinally, 
here on the contrary the perpendicular veflels are fpht or divided 
loiio-itudinally, but the horizontal ones are cut obliquely. 

13, LMNO, reprefents fuch a particle of the wood in which 
the horizontal vehels may be feen placed fo clofe to each other as to 
be only feparated by one or other of the air vefiels. Thefe horizon¬ 
tal veflels lying fo clofely and regularly befide each other it is no 
wonder that this kind of wood is of all, the molt eafily fplit, and 
fir ait in the fplitting. 

I have caufed a feparate drawing to be made of thefe horizontal 
tubes or veflels in their pofitions adjoining to each other, in order 
the better to diflinguirn how tliey lie among the perpendicular ones. 

F/g. i 4„P2’ reprefents thefe horizontal tubes or veflels, many 
of which are feen in fig. 13. Thefe veflels in fome places lie twice 
as clofe together as they do in others; and upon examining them 
with the greateft accuracy I was able, I mull fay that I faw two 
kinds of tliefe horizontal vefTels or tubes of the wood, one fort of 
which was fo much fmaller than the other as almofl to efcape the 
light. 

For the more fully elucidating this fubjedl, and for the informa¬ 
tion of any who may have the curiofity to repeat my obfervations, 
I have in jig. 15, given a drawing of the manner in which I cut or 
fplit the wood. In this figure AB C DF, reprefents the fourth part of 
a round piece of the tree or a branch of it, of which B denotes the 
center of the tree or branch ; at G is fliewn how the particle of wood, 
reprefented in fg. 8, was fplit off; at C, how the particle repre¬ 
fented in figures 11 and 12, was cut off', and at E, how the particle 
reprefented in/?^. 13, was fplit off. 
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I have fometimes (as I before hinted) feen fome of the perpendi- 
cularor al’cending velTels in the fir, much larger in diameter than 
others ; but thefe are fo few, that it is very rare to obferve them. 

In fig. 8, between B and C, are to be feen the minute round 
apertures in thofe parts of the afeending tubes or air veifels, where 
the horizontal ones are feen, which apertures I conceive are deftined 
to tranfmit air or the juices of the tree, from the afeending to the 
horizontal veffels. 

Thefe difeoveries of mine, refpedling the fmallnefs or thinnefs 
of the veflels or tubes, compofing the fubflance of trees, may not 
eafily be credited by many, as not comprehending how, by reafon 
of their exceeding fmallnefs, any juice or liquor can poffibly pafs 
through them, and, what is more difficult to conceive, how through 
fuch veflels afeending perpendicularly, any nutritive fubflance can 
be derived from the root of the tree to the extremities of the upper 
branches. 

But as, on the one hand, it is out of the reach of our finite capa¬ 
cities to compreliend the extent of the Univerfe fo on the other, 
we are equally unable to conceive the minutenefs of the veflels and 
component parts of which not only animals, but alfo vegetables are 
formed, and much Lefs, how the parts of matter are united toge¬ 
ther, or how one part grows out of, or is added to, another. 

* This fentiment is more fully exprelTed and largely dilated on, in the Spedtator, No. 420, 
and many of the reafonings in that Paper feem to have been taken from the difeoveries then 
newly made by our Author and his cotemporaries. 
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Of the weevil or CORN-BEETLE. 


Wherein the common opinion that this Infedt is bred in Corn Jpontane’- 
oujly, is Jhew 7 i to be erroneous ; the true nature oj its Generation ex~ 
plamed; with the means to preferve Corn from its infediion, 

I HAVE heard it ftrongly argued, that the Weevil or Corn- 
beetle, (which is a very noxious infedt, well known to corn- dealers 
and bakers in this country,) is produced by what is called equivocal 
or fpontaneoiis generation, that is to fay, from inanimate fubltances 
without any parent. The principal reafons alledged in fupport of 
this opinion are, that we often find this infedt in a new granary, 
wLere never wheat was kept before, and therefore it is deemed a 
neceffary conclufion, that Weevils are not propagated by the 
ordinary courfe of generation. Again it is faid, that we may open 
many grains of wheat, which are found and uninjured, fo that no 
mark of a perforation or hole, fiiall be difcernible on the outfide, yet 
within thefe grains Iliall be found perfedtly formed and living 
Weevils. 

The anfwer which I have given to thefe arguments has been, that 
thefe little animals may, by ourfelves, be removed from one grana¬ 
ry to another without our knowledge ; for fuppofing the perfon em¬ 
ployed to remove corn, to have come out of a granary, or barn, in- 
fefted with Weevils, he may eafily carry fome grains of corn contain¬ 
ing them, or fome of the infedfs themfelves, flicking about his clothes, 
or in his fhoes, and thus remove them into a granary where none 
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had ever been. Befidcs, the fliip, waggon, or cart, employed to 
<'arrv corn, may be infedled with Weevils, by having carried grain 
in which they abound, and thus from a few of thefe infedls, multi¬ 
tudes may be produced by the ordinary courfe of generation. 

But in order fully to invelligate the truth of this, Idefired the per- 
Ibns who had argued this matter witli me, to bring me the firh: 
Weevils they themfelves fliould find, (it being then the wunter fea- 
fon) ; and on the 13th of March, I received fome grains of wheat, 
(many of which had the infides eaten away) mixed wdth Weevils. 

I took three glaffes, in each of which I put fix, eight, or iiiue 
Weevils, and eiglu, ten, or twelve grains of wheat, wliicli wheat 
I was the more afl'ured could not be infedfed, becaufc it had been 
kept for feveral months, clofely covered up, in my fludy. In a fourth 
glafs I put fome Weevils without any wdieat, but this lail mode of 
experiment I afterwards rejedfed, obferving that in the Ipace of 
twelve days they all died. As to the other three glafles, the weather 
being cold, and, obferving the animals, for the mofl: part, to lie 
motionlefs, I put them into a leather cafe, which I always carried 
about me. And I had no doubt, but I fliould clearly prove to all, 
that the Weevil proceeds from a maggot, for which reafon I fre¬ 
quently examined thefe objedfs by the microfcope. 

I, at firfl, entertained an opinion, that the Weevil, like the Silk¬ 
worm’s moth, and many other infedfs, did not, while in that fhape, 
take any food : but herein I found myfelf mihaken, and obferved 
that the Weevil not only feeds upon wheat, but that it can excavate 
or fcoop out the wliole contents of every grain, and creep about in 
the infide, being provided with a beak, or trunk of a great length, in 
proportion to the fize of its body, at the extremity of which are cer¬ 
tain exceedingly fmall organs, or inflruments like teeth, and with 
thefe it can bore or pierce through the outward hufk or fhell of the 
wheat, and thus open to itfelf a paffage to devour the contents. 

At a fortnight’s end, namely, on the 27th of March, I obferved 
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feme of thefe Weevils coupled together, and from this time I fre¬ 
quently infpe6ted them, but faw no appearance of any living creature 
being produced from them until the loth of June, when I obferved 
lying among the Weevils and the wheat, two fiiort and thick little 
maggots, one of them about the fize of a large grain of fand, and 
the other about one fourth part larger : feeing this, I opened one of 
the glalTes in which I had enclofed lix Weevils, and examined the 
different grains of wheat that liad been put in with them, and found 
two of them to be entirely hollow and empty ; from another of the 
grains, which by the external appearance was the leaf! eaten or con- 
fumed, but had many fmall perforations or little holes not difeerni- 
ble by the naked eye, I drew out a perfeblly formed Weevil, which 
was of a yellow colour : whereas thofe which were at firll; brought to 
me, and had been fhut up in the glafs for three months, w'ere of a 
deep red, almoh approaching to black. 

In another grain of the v/heat I found a Weevil, of a very pale or 
white colour, with its claws, horns, and beak, or trunk, lying clofe 
to its body, in exadl oVder, as we fee the wings and legs of a Silk¬ 
worm's chryfalis - or aurelia, when it is almoft arrived at the ftate of 
a flying infe 61 :, only with this difference, that the unformed Weevil 
is not inclofed in a fhell or cafe, like the aurelia of a filk worm. 

In other grains of the wheat I found maggots of different fizes, and 
from one grain I took out a perfedfly formed Weevil, whofe white 
colour was changing to a red, and which was continually in mo¬ 
tion. 

Examining the other glafles, I found fome of the grains of wheat 
perforated with little holes, and others half eaten. Some of the 
Weevils which had been fluit up in thefe glafles I opened, and in one 
of the females, I found five white eggs, which I conceived to be of 
their full fize; in others I obferved eggs, fome of which were ar¬ 
rived to maturity, and others gradually lefs and lefs. 

Hence I concluded, that wdiereas the Silk-worm’s moth, living 
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only a few days, in that time lays a multitude of eggs and then 
dies : on the contrary, the Weevil, which every day produces but 
few eggs, is a long lived animal, and by this means may be as pro¬ 
lific as Silk-worms or other infedls : for the Weevils which I am 
now treating of were all alive the proceeding fummer. 

As to the two maggots whicli I at firfi; found in the glafs among' 
the wheat, I had no doubt that they had fallen out of the grains 
wherein they had been firfi: depofited, by reafon that thofe grains 
had been rather too much eaten aw^ay before the eggs were laid in 
them, and the holes which had been made in them rather too large ; 
and, as all creatures, however minute, are endow^ed with moft ad¬ 
mirable faculties and powers to anfwer the ends of their creation, I 
think it very probable that the large trunk or beak with which this 
infedl is provided, (furnifhed with teeth or pincers, which open and 
fhut in exadt correfpondence with each other,) is given to it of fuch 
a length that it may be enabled to bore a fmall deep hole in every 
grain of wheat, and therein depofit an egg, otherwife the maggots 
breeding from thefe eggs would never grow to maturity : for if a 
Weevil were to lay its egg on the^utfide of a grain, and a maggot 
Ihould be hatched from it, fuch a maggot could not poffibly pierce the 
hulk of the wheat. Again, were a Weevil to lay more than one 
egg in one grain, and all thefe eggs produced maggots, they would 
hinder each other's growth, for want of having fufficient nourifli- 
ment, inafmuch as one grain is not more than fufficient to nourifh 
one maggot, and fo to produce one Weevil. 

I obferved in opening one grain in which a fmall hole had been 
made, and out of which I took one fingle egg, that round about that 
part where the egg was placed, the mealy fubfiance of the wheat 
had been loofened or reduced to powder, from whence I concluded 
that the parent Weevil, before it laid the egg, had by-rr eans of its 
trunk, feparated the particles of meal in that part, both to make a 
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foft place for the egg to lie in; and alfo, that when the minute 
maggot fliould creep out, it might find this foft and ioofened meal 
prepared for its firft feeding on. 

Some of thefe maggots I placed in glafies by themfelves, and ob- 
ferved them gradually to afliime the form of Weevils, the beak, 
horns, and claws, appearing by degrees, and the colour alfo chang¬ 
ing from a white to a yellow, and then to the red colour of the 
Weevil. 

As I had obferved, that none of thefe infedls which were kept in 
glafies together with grains of wheat, ever depofited their eggs on tlie 
glafs, I put three females into a glafs by themfelves, and in the 
fpace of twenty-four hours they laid four eggs. One of which eggs 
drawn from the microfcope, is reprefented in Plate ll.Jig.i, ABC. 
In the fpace of feven days thefe eggs produced tlie kind of maggots 
before mentioned, which, when firft hatched, were not larger than a 
grain of fand, and one of thefe as lying on its back, and drawn from 
the microfcope is reprefented at Jig. 2, wherein D E F, is the head 
and FGD the body. This maggot was in continual motion, but 
when a little at reft, it contradled its body together, and in this po- 
fition the limner drew its figure, and when it attained to its full fize, 
the fliape remained the fame until the time approached for its being 
changed into a Weevil. Another maggot which I had fixed orfaftened 
by its hind part before the microfcope, I caufed to be drawn when it 
extended its body, and this is ftiewn fig. 3, H I K. 

Thefe maggots have very little ftrength to move from place to 
place, fo that it feems defigned by nature, that they ftiould be fed 
no where, but in grains of corn : for if a Weevil were to depofit its 
egg in any place, except in the infideof a grain, it would in my opi¬ 
nion, be impoftible for the maggot thence produced to procure any 
nourilhment and become a perfe6l Weevil. 

Thefe things confidered, we may be fully fatisfied refpe( 5 fing the 
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reafon, why in corn, which is frequently moved and iliifted, the 
Weevil can increale but little : for fuppofing one of thefe infers to 
have pierced and prepared two or three grains ready to depofit its 
eggs, and foon afterwards the corn is moved or fpread about, tlie 
animal, when it is ready to lay an egg, finding no grain prepared to 
receive it, mufl leave fiich egg on the outfide of the corn, where the 
young maggot, when hatched, will be in the fame fituation as feed 
ihwn in barren land, and confequently muflperifli. But if fuch corn 
is undifturbed, the Weevil may multiply, in a great degree, by de- 
■pofiting its eggs in the grains fitly prepared for them, and which may 
be conlidered as fo many nefls for the reception of the young. Again, 
the long life of tliis infedl caufes it to multiply exceedingly, for the 
Weevils which I received in the month of March, (tlie youngefl of 
which was undoubtedly a year old,) were alive and vigorous in June 
following; and who can tell how long the natural life of this infeft 
may be ? 

For the information of thofe who never faw a Weevil, one of thefe 
infedts is reprefented of its natural fize at fig. 4, X, and underneath 
it, I have given a drawing of its beak or trunk, as fecn by the micro- 
fcope, to fliew.by what organs or inflruments this creature is enabled 
to pierce the corn, partly to feed on the contents, and partly to de¬ 
pofit its eggs in the fmall holes it makes therein : for, as other ani¬ 
mals are taught by nature to prepare their nefts for the reception and 
fupportof their young, fo it is the peculiar inhindf of the Weevil to 
aim at depofiting its eggs in no other place than where the little ani¬ 
mals produced from thofe eggs fliall be able to find fubfihence, and 
this is in the grains of corn. 

At MNOP is reprelented the probofeis, trunk, or beak of the 
Weevil, which naturally is not fo flraight as here pidtured, but ap¬ 
pears bent downwards when feen fideways, as marked at M Q O; 
but had the figure been drawn in that view, tJie opening at the ex- 
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trcmity with its pincers or teeth would not have been vifible, as it is 
now to be feen at O : within this mouth or orihce are two (lings or 
piercers which are continually in motion and one of which is I'een in 
the figure, but 1 never obferved the animal to protrude or thrull 
thofe (lings or piercers farther than the extremity of tbe pincers at 
O; fo tiiat I imagine the only life of thefe organs is to break or di¬ 
vide the hulks of tiie wheat and the meal within it; and, having fre¬ 
quently contemplated this animal, while feeding, I obferved it, after 
having thruft its trunk into a grain of wheat, to (lick fo clofeJy to it, 
that, though tofied about, it would not let go its hold. 

ST, are the two horns; LMR, is part of tlie head; and at M 
are reprefented=^<' a colledfion of globules, wliich through the micro- 
fcope exhibit the fame appearance as if by the naked eye we were to 
fee a parcel of very minute black coral beads placed in exa( 5 l order 
clofe together ; and this I concluded to be one of the eyes. 

I am not very fond of drawing the whole bodies of fmall animals 
from the microfeope, becaufe I consider that to be of little utility ; 
and this is the reafon why I have only given a figure of part of this 
infedl when magnified. 

I trull that thefe experiments and obfervations will prove that 
Weevils cannot be produced, otherwife than by propagation, that 
is to fay, by copulating and laying eggs, from which eggs maggots 
proceed ; and finally thofe maggots are changed into Weevils. But 
whether the vulgar will be hereby convinced of the error of their 
opinion in this refpe6l, I much doubt, being continually peflered with 
their objedlions to wdiat I have advanced. It is, however, with me, 
a molt certain truth, that what I have demonflrated refpebling the 

* To thofe who have not been much converfant in thefe objects, it may feem ftrange that 
acolledlion of globules or little balls fliould conftitute but one eye; but fuch readers will be 
pleafed to underftand, that in moft infedts, each eye is formed of a great number of fmaller 
optical organs, or eyes, and this fubjedl will be found amply difcufled in the courfe of this-- 
work. 
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Weevil, namely, that it cannot be produced otherwife than by 
generation, does alfo hold good with regard to all creatures endued 
with life and motion. And although this is a very mmute animal, yet 
itsfpecies muft have been continued in the way I have lajd down, 
from its firft being formed at the creation : and were it otherwife, 
namely, that from inanimate matter, fuch as hones, wood, earth, 
plants, or feeds, this or any other animal fliould be produced, that 
would be a departure from the general courfe of nature ; and fuch 
formation or new creation, mull be continually derived from the fu- 
preme Almighty Creator. 

Probably what I here advance may appear ftrange to fome, and 
they may perhaps wifh me to enquire into the propagation of other 
minute animals; but for the prefent I leave the profecution of thefe 
matters to thofe who may chule to beftow as much labour thereon 
as I have done in this examination of the Weevil, affuring them that 
my obfervations are the refult of more than four months application 
to the fubjedl. 



Of the Maggot or Caterpillar infefiing Corn in Granaries; the nature 
of its generation explained, atid the means to prevent its increafe 
pointed out. 

Having, as I hope, by my obfervations on the Weevil, convinced 
mankind, that it is propagated in the ordinary v^ay of generation, I 
have fince employed myfelf in the examination of that Infe6l or mag¬ 
got which our bakers and corn dealers name « de Wolfr* 

This creature is a very fmall white maggot, provided with two 
red pincers, or organs like teeth, placed in the fore part of its head, 
by which it not only feeds on, and confumes wheat, and other grain, 
but alfo can perforate or gnaw holes in wood. The common opinion 
is, that it is produced from corruption, or elfe from what fome call 
a blight. But, in order to refute this vulgar error, I procured from 
a Merchant, a box of wheat, in which this infed: abounded, that I 
might difcover to all, the real manner of its propagation. 

Upon infpe 61 :ing this wheat, I found, that one fingle maggot had 
fluck or faftened together from five, to fix, feven, or even eight, 
grains of wheat, in one of which itfelf was concealed, and that moft 
of the other grains were hollowed or fcooped out in the middle; 
and it feems to me that this maggot is much more pernicious than 

* That IS, in Enghfli, “the Wolf.’* This Infea is not much known in England 
among the country people, for the Tranflator having procured from an Importer of Corn, 
a fample of Pruffian wheat infeacd with it, and fhevvn it to feveral farmers, the appearance 
feemed new to them, nor could they affign to the animal any name in Engli/h. But to the 
Dutch, who have always been great importers and exporters of corn, it feems to have been 
familiar, and the Author’s remarks on this fubjedlmay be well worthy the attention of our 
£ng!i£h merchants. 
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the Weevil, bccaufe it fcatters a great quantity of its excrements in 
tl)e fliape of white round balls, which are very large in proportion to 
the fize of its body. 

Moreover, this maggot has in' the anterior, or fore part of ita 
head, an organ, or indrument, through which it continually fpiris 
an exceeding fine thread, which thread it fixes to every fubftance it 
approaches. By this means its body is always fupported fo that it 
cannot fall, and in a clean glafs it can move from place to place, 
being fufpended by this thread, and by this thread alfo it connedls 
or binds the grains of wheat together. 

Some of tliis wheat I put into a glafs tube, about the fize of a 
finger, and a foot in length, clofing each end with a good dopper, 
and the red of the wheat I kept in a wooden box. But, towards the 
end of the fummer, I obferved feveral of the maggots forlkking the 
wheat, and fadening themfelves to the glafs, and others of them I 
faw creeping about among my papers, and I found the box, in which 
I had put them, perforated in two places, through which many of 
them had efcaped. I alfo faw the dopper to the glafs tube gnawed 
into, as deep as the thicknefs of a finger, and upon taking it out, I 
found that eight or ten of the maggots had crept into it; upon which 
I placed them again in the glafs tube, with the grains of wheat, and 
flopping the orifices with a cork, I covered the cork on the outfide 
with fealing-wax, to prevent the maggots again efcaping, but at the 
fame time I contrived a fmall aperture that they might not be de¬ 
prived of air. Plate II. fig. 5, ABC D reprefents this glafs tube, of 
which AD, andBC are the two extremities, each doled with a 
dopper covered with fealing-wax ; EG and F H are two fmall glafs 
tubes, pafled through the Hoppers, to fupply the m ggots with fre/Ii 
air, but thofe apertures were fo fmall as not to perniir their efcape. 

About the fame time that I was employed in thefc obfervations, I 
vifited a granary infeded with this infed, and faw the maggots, in 
great numbers, creeping up the walls, from whence I concluded. 
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that ill like manner as the maggots in the giafs tube quitted the wlieat, 
and lodged themlelves in the hoppers, lo in the granary they con¬ 
cealed themfelves in the linings and beams, until their transforma¬ 
tion into flying infeds fliould be compleated. And 1 was confirmed 
in this opinion by obferving the granary to have been fo perforated, 
or eaten into by thefe maggots, that not a fingers breadth was left 
untouched by them. 

I alfo obferved that great part of the hopper which was within 
the giafs tube, was gnawed or reduced to powder,^ and many chinks 
or crannies formed in it, and though the maggots endeavoured to 
conceal themfelves within the hopper, yet three of them remained 
in the giafs, in which they lay quiet the whole winter, and they 
were fo little covered with their web or thread, that, with the micro- 
fcope, I could difeover them move their heads. 

On the 29th of April following, I faw them begin to afllime a red- 
difli colour, and to be fomewhat contradfed in length ; the next day 
the rednefs increafed, and they feemed to me to be turned into 
aurelias. 

At the fame time, upon examining the wheat, which w^as kept in 
the box, and had been full of the maggots, I found that they had all 
efcaped through the holes perforated by them in the box. 

On the 23d of May, the aurelias before mentioned, had become of 
a red colour, and the next day I faw a flying infedf, which is called a 
Moth, fluttering about the giafs tube. This had proceeded from one 
of the aurelias, wdiich liad been the chief fubjedl of my ohfervations, 
and 1 faw lying near it, a pellicle, or little fkin, w’hich had been the 
cafe or flieath in its aurelia flate. 

lAvo clays before clifcovering this moth, I had obferved feveral of 
the fame wdnged infedfs flying about my ftudy, two of which 1 killed, 
and upon examining them by the microfoope, I found them to be 
formed in the fame manner w^ith this in the giafs, fo that 1 was con¬ 
vinced they had proceed from foine of the maggots which had efcaped 
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out of the box. And on the 25th of May I faw two more moths 
come out of the ftopper to the tube, leaving their fliells or cafes 
hanging to it. 

As many perfons are unacquainted with the figure of thele moths, 
I have caufed a drawing to be made of them, which is to be feen at 
fig. 6 , AA; and alfo a drawing of the covering, fit ell or cafe which 
enclofes them while in their aurelia ftate,/^. 7, PQ. Thele figures 
were drawn of the natural fize, and if I had not had ocular proof 
of it, I could not have believed it polfible for the moths to come out 
of fo fmall a cafe or covering as is here pidlured. ^ 

On the fame 25th of May, I w^ent to the granary, where, the pre¬ 
ceding autumn I had feen the maggots before mentioned creeping up 
the walls, and there I faw a number of moths, fome clinging to the 
wall, and others flying about. I had brought with me fix glafs tubes, 
and, as it was eafy to diftinguilh the males from the females, the 
former being fmaller than the latter, I put in each of thefe glafles 
fome of both fexes. 

At my return home, I difle6led three of thefe females, and, by 
the moft accurate reckoning I could make, I found in each of their 
bodies upwards of fifty eggs. At another time, I judged that I took 
out of another female moth, above feventy eggs. Thefe eggs were 
exa6lly the fliape of hens eggs, but no larger than fmall grains of 
land. The reft of the moths which I had brought from this granary 
and kept alive, laid many eggs, and one of them produced to the 
number of feventy. 

I next confidered, whether the moths, which thus propagate the 

* This obfsrvation of the Author is corroborated, and, at the fame time, the appearance 
can be accounted for, by a circumftance which was fome years ago communicated to the 
tranflator by a curious obferver of the change of aurelias into butterflies and moths, namely, 
that immediately after their emerging from the fhell, or covering, which inclofes them, they 
increafe in fize fo rapidly, particularly in the wings, that their growth may be difcerned by 
the eye. 
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pernicious inre6l I am treating of, might not, by fomc means, be 
deftroyed in the granaries, fo as to prevent their propagation. 

For this piirpofe I took a round glais veflel, large enough, as I 
fuppofed, to hold fix pints of water, and in it I put eight living 
moths newly taken. In the orifice of this vefiel I fet fire to the fourth 
part of a grain of fuiphur, and as foon as the moths began to feel 
the vapour, or fmoke of the lulphur, they fluttered about the glafs 
with great violence, though but for a fliort timCy for they all fell to 
the bottom, and after a little motion in their feet, they died. Four 
hours afterwards, I took them out of the glafs, and put into it fome 
frefh ones alive, in order to repeat the experiment, but while I was 
preparing to burn the fuiphur, I faw^ tliem all lie dead, they having 
been killed with the bare odour of the fuiphur which had been left in 
the glaf?. 

From the fize of this glafs, I computed what quantity of fuiphur 
would be requifite to fumigate a granary twenty four feet long, fix- 
teen broad, and eight feet high, and I reckoned that half a pound 
would be fuflicient for the purpofe. 

After this, I fumigated a granary, in which were eight loads of 
wheat, and a great number of moths flying about. For this purpofe 
I took two pieces of fuiphur, containing about a quarter of a pound, 
prepared in the fame manner as is done by wine-merchants or coopers, 
to fumigate their wine cafl^s. Thefe pieces of fuiphur I fufpended by 
a brafs wire, in a tall earthen vefl'el, with a narrow top, and placed 
the veflel in an earthen difli, to prevent any danger of fire. This 
apparatus I fet in the middle of the wheat, and as foon as the fuiphur 
began to burn, I retired out of the granary and fhutthe door. In 
a large granary two or three of thefe vefl’els might be ufed. 

Two days afterwards, I vifited the granary, and then 1 fawfeve*- 
ral moths flill clinging to the w^all and beams, but before the fumi¬ 
gation, I believe there were ten times as many. And I accounted for 
thefe moths being foupd alive, either becaufe many of the panes of 
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glafs in the windows were broken, through whicli mucli of the fmoke 
of tlie fulphur had efcaped, or elfe, that the moths which I now faw, 
had come out of their aurelia hate after the fumigation was over; for 
lam well allured, that lo long as the moths are inclofed in their 
aurelia cafe, or covering, the fmoke of fulphur cannot do them any 
injury. Therefore it will be neceflary for thofe who may chufe to 
fumigate their granaries in the manner I have recommended, to be¬ 
gin the operation as foon as ever the moths appear, that they may 
be prevented laying their eggs, and alfo to continue the ufe of it 
fome days, indeed as long as any moths are to be feen, becaufe 
thefe creatures do not all come out of their aurelia hate at the fame 
time. The expence of fumigating is no objehf, for a pound of ful¬ 
phur may be bought for a trifle, and it is in no fort injurious to the 
wheat, nor is it prejudicial to the health of any perfon, but rather 
falubrious.* 

Towards the end of fummer, when the maggots quit the wheat, 
and creep up the walls, they may eafily be fwept down and deflroyed, 
for this infe6l is d very tender animal, and foon killed. And thefe 
precautions being obferved, very few moths will be feen the fol¬ 
lowing year. 

Some of the eggs laid by thefe moths I put in glaflcs by thcm- 
felves, which I carried about in my pocket, others of them I placed 
in my fludy, and I obferved that thofe whicli I carried about me 
were, by the heat of my body, much fooner hatched than thofe 
which were in my fludy, for thefe latter were fixteen days before the 
maggots crept out of them ; but at leven days end thofe in tlie for¬ 
mer made their appearance. 

One of thefe maggots, when newly hatched, I put into a glafs 
tube, tlie infide of which was about the fifth part of an inch wide, 
and having placed this before the microfcope, 1 gave it to the limner 

* This opinion is confirmed by D; . Hodges, and Dr. Me^d, in their Treatifi’S on the Plague. 
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to make a drawing of, but as it was impoflible for him to draw all the 
minute parts of it, he drew it without the feet, as is fhewn in fig. 8, 
KL/^ The fore part of this maggotis provided with fix feet, which 
fometimes could be difcerned when the animal lay flat on its belly, 
and thefe, witli part of the body are Ihewn 9, MN. In the 

hind part are various organs alTihing in its motion. This maggot, 
although, when newly hatched it appeared no longer to the naked 
eye than is defcribed in the center of the circle nt/g. 10, was yet 
twice the length of the egg from which it was produced. 

As I obferved fome of thefe young maggots to be dying, I put 
fome grains of wheat into the glafs, and foon afterwards tlie living 
ones difappeared, whence I concluded that they had found their way 
into the wheat, and in three or four days time I faw their excrements 
fcattered about the glafs. 

I have often contemplated the fliells of the eggs from whence thefe 
maggots proceeded, and obferved veffels in them in tlte nature of 
net-work, wliich I could not diflinguifh while tiie eggs were full. A 
drawing of one of thefe is given at/^g. 11, RST V, but as thefe eggs 
are exceedizigly minilte, this drawing was made from a microfcopeof 
greater magnifying power than that from which the former figures 
are drawn. STV is the broken fhell of the egg in the part where 
the young maggot crept out. 

The moths I have been defcribing are very pretty obje6fs to be¬ 
hold, the wings, which are four in number, being white, Iprinked 
all over with black fpots ; and on examining them by the micro- 
fcope I found that this whitenefs proceeded from the white feathers 
on the wings, and that the black fpots w^ere caufed by other feathers 
which w^ere black at the edges. Some thoul'ands of thefe feathers 

* This figure does not feem taken with fo much exadtnefs as is generally found in thofc given 
by Mr. Leeuwenhoek, therefore the Tranflatorhas caufed a drawing from one of the maggots 
when full grown, to be made of the fame fize it appears to the naked eye, and this is to be feen. 
ZXfig.li., 
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I faw flicking to the glaffes in which I kept the moths, which in their 
fluttering againft the glafs or one another, had been rubbed off their 
wings and other parts of their bodies ; and to the naked eye, exhi¬ 
bited the appearance of a vapour or fmoke on the glafs. 

Though I examined fome thoufands of thefe feathers, they were 
all fo differently formed, that I cannot fay I faw two exadly alike. 
Fig 13, AB, CD, EF, reprefents three of the large!! of them, when 
feen through the microfcope. At their broad ends, they are tinged 
with black, and when feveral of them lie clofe together, tliey exhi¬ 
bit a black fpot. Others of thefe feathers, ^s/g. 14, GH, IK, LM, 
are tranfparent, but when lying one on another they produce the 
whitenefs I have mentioned. All of them, although fo very minute, 
have quills like the feathers of birds, by which they are fixed or 
rooted in the membrane that forms the wing, and lb completely 
cover it that it cannot be feen. 

The feathers, which cover the edges of the wings, are much 
longer than the others, and of different fliapes; five of them are 
reprefen ted at fg. 15, RS, TVW, and at /g. ib, NOPQ, arefliewn 
a number of the fmall feathers of different fhapes. 

This maggot, which among us is called the wolf, is not only 
mifchievous, by devouring the corn, but it is of that fpecies which 
is found in houfes, and gnaw’S holes in wood, alfo in boxes and 
books, and likewife hides itfelf in woollen garments, eating holes 
in them, and at length becomes a flying infedl, named as before 
mentioned, a moth. 

This moth, of itfelf, is very innocent, for w^hile in that flate, it 
does not, as I could difcover, take any food, but, if not deftroyed in 
time, one female may produce feventy maggots, for out of upwards 
of feventy eggs, laid by one moth, I only faw one barren ; and in 
three others of the eggs, I could difcern the maggots lying dead, by 
reafon, as I fuppofe, that the}^ could not break their fliells. 

I heard it affirmed, by a corn-dealer, in fupport of his opinion. 
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that thefe maggots are produced in wheat fpontaneoufiy, tliat they 
are more rarely found in old wheat than in new ; to which I gave 
for anfw^er, that when firfl: hatched, they are very fmall and tender, 
fo that it is elifficult for them to pierce the huflvof old wheat, tlie fame 
being very dry and hard, and confecpiently many of them die for 
want of nouriihment. This 1 fully proved by experiment, for I had 
three glades (landing in my (liidy, in one of wdiich there were more 
than fixty maggots newdy hatched. In this glafs I put fonie grains 
of wheat, one of which was broken, or fplit down the middle, and 
this alone was eaten into, the others remaining uninjured, and ail the 
maggots, except one or two, died; all which, I had no doubt, pro¬ 
ceeded from this, that thefe grains of wheat w’ere remarkably dry and 
liard, having been kept for tw^o or three years in a box in my (ludy . 
and in another of the glafl'es, wherein I obferved the maggots creep¬ 
ing about on the furface of the wheat, without being able to pene¬ 
trate it, I cut feveral of the grains in pieces, and by this means 
many of the maggots w^ere kept alive. 

Tow’ards the end of the month of September, I received from a 
baker a handful of very excellent rye, w ith many of thefe maggots 
in it, 'all which I put into a large glafs veffel, and I obferved the 
mao'gots quit the rye and creep up the fides of the vellel. 1 then 
burnt a fmall quantity of fulphur in it, and in a fliort time they w'ere 
all killed. 

It may not here be unw'orthy of notice,, that, in the glafs tube before 
deferibed, and in which I imagined I liad put nothing except w heat, 
and the caterpillar or maggot, of wdiich I have been treating, I found 
a Weevil make its appearance : this creature I kept in the glafs to fee 
if any more would appear, and I obferved, that in the winter or in 
cold weather it lay motionlefs as dead, but upon applying fome 
warmth, it w'ould revive. At length, after keeping it upwards of 
eighteen months, in which time, I did not obferve any more of the 
fpecies, it died. E 
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Moreover, while 1 was examining the granary before mentioned, 
I faw many very minute animalcules *, no bigger than grains of 
fand, creeping up the w’alls. Some of thefe 1 brought home With 
me in glafles, and I obferved them to couple together, and to lay ex- 
cellively minute eggs, which eggs, after feme time, produced animal¬ 
cules formed like the parents. By this it appears that thefe little crea¬ 
tures propagate their like, without undergoing any fiich change as 
is obferved in fleas, moths, flies, and many other infedls : I think, 
however, it is fully proved, that no living creature is produced from 
corruption or putrefadlion. 

Indeed, can any man in his fober fenfes imagine, that the moth, 
of which I have given the defeription, which is fitly provided by 
nature with the means to propagate its fpecies, furniflied with eyes 
exquifitely formed, with horns, with tufts of feathers on its head, with 
wings covered with fuch multitudes of feathers, all of different 
lhapes, and thefe exadly covering the wnngs in every part; can this 
moth, I fay, adorned with fo many beauties, be produced from cor¬ 
ruption ? For, in a word, in this little creature, contemptible as it 
feems to us, there Ihine forth fo much perfedfion and fkill in the for¬ 
mation, as to exceed what we obferve in larger animals. 

^ Mr. Leeuwenhoek has not given any figure of thefe animalcules, but they feem to be 
a fpecies of mite; the tranflator has obferved fome of the like kind in bran. 





Of the spider. 


The following obfervations were made on thofe kinds of Spiders 
which are found in gardens ; where they fix their webs to vines, 
herbs, and fhriibs. 

I have often feen thefe Spiders, when dropping, or falling, as it 
feemed, from a tree, flop or fupport themfelves in the midway, by 
means of their thread, and I found that this was done by the help 
of one of their hind feet, which they continually apply to the thread 
as they fpin it. Thefe feet are each of them furnilhed with three 
nails or claws, ftanding feparate, or apart from each other. Two 
of thefe claws are at the extremity of the foot, and each of them is 
formed with teeth, or notches, like the cuts in a faw, growing nar¬ 
rower towards the bottom ; and with thefe they are enabled to hold 
faft the thread, in like manner as the pulley or wheel, ufed by clock- 
makers, in their thirty-hour clocks, is contrived to lay hold of the 
clock-line, by means of the groove being narrower at bottom. 
For the more perfedlly underfianding this formation, I caufed the 
following figure to be drawn. 

Plate II.17, A B C D E F, reprefents a fmall part of the Spider’s 
hind foot, magnified, and at BC D, are fliewn the two claws, or nails, 
with the notches or teeth in them, as before defcribed : at letter E, is 
feen the third claw, which is defiitute of teeth or notches, but, as 1 
conceive, ferves for various ufes to the animal, and this is always to 
be noted, that when the Spider does not want to afcend to an height, 
but only to lay hold of the web it has fpun, it always ufes this claw 
for that piirpofe. 

E 2 
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The kind of Spider I am now defcribing, has the hind part of its 
body much larger than is feen in other Spiders ; it is provided with 
eiglit longer and two Ihorter legs, which Ihorter ones are placed in 
the fore part of its body on each fide of the head, and all furnifhed 
with an indented or notched claw as before defcribed. Some will 
have it, that Spiders have no more than eight legs, but this appears 
to be a miftaken opinion. 

In thefe Spiders I plainly perceived eight eyes, two of which are 
placed near to each other at the top of tlie head, and, in my judg¬ 
ment, defigned to fee thofe objedfs which are above the animal. 
Two others of them are fituated a little lower down,, in order to dif- 
cover all obje6fs in front; and on each fide of the head are a pair of 
eyes clofe to each other, and of thefe, the two which hand forward, 
are to take in the view of all obje6ts lying obliquely, or not ftraight 
in front; and the two which band backward, are undoubtedly de¬ 
figned to behold all obje6ls behind the animal. And if we confider 
that the pupils of thefe eyes are immoveable in the head, we may 
eafily conclude, that this number is neceflary, for enabling the Spi¬ 
der to behold all circumjacent objedfs, and to go in fearch of its food. 

That the form of thefe eight eyes, and their fituation, may be more 
eafily conceived, I have caufed a drawing to be made of them at 
GHIKLMNO, which reprefents a part of the Spiders 
head ; P Q, are the two eyes which look upwards, K and L, the two 
defigned to view objedfs in front, I and M, thofe which take in ob- 
je6ls obliquely in front, and H and N thofe which look obliquely 
backwards. 

I have often heard it faid, that the Spider has a fling, with wliich, 
it is alfo reported, it can kill the toad ; but no one could tell me in 
what part of the body this fling was placed, therefore, I concluded 
that if there was one, it mufl be in the poflerior or hind part, as in 
other animals and infedfs ; but on examination, I found this opi¬ 
nion to be groundlefs. The Spider is, however, ]irovided with two 
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organs or weapons anfwering every purpofe of a fling, which are 
placed in front of its head jiifl below the eyes, and when not in ufe, 
they lie between the two fliorter feet. 

Thefe weapons or inflriiments of offence, which are bent in the 
nature of claw’s, are very fimilar to the fling of the Scorpion and the 
fangs of the ^i=Millepeda of India, and in each of thefe fangs (for fo I 
will call them) is a finall aperture, through whicli, in all probability, 
a liquid poifon is emitted by the Spider at the time it infli( 51 :s the 
wound. 

At^^. rg, ABCDEF GHIK L M, are reprefented both thefe 
fangs as feen through the microfcope : BC, is one of them when 
lying ftill, HIK fliews the other, railed to flrike. At C and I, is to 
be feen the fmall aperture’'^ I have mentioned, which aperture ap¬ 
pears the fame on both Tides of each fang, and through this w^e may 
reafonably conclude that the Spider eje 61 :s its venom. At the letters 
EFG, is a double row of teeth, betw^een wdiich each fang is placed 
when at reft, and the ufe of thefe teeth feems to me to be for the 
firmer grafping the prey, that wdien bitten it may not efcape. All 
the other parts of thefe weapons or organs which are reprefented in 
fg. 1.9, w^ere thick fet with hairs, but w’hich it was not tbougiit ne- 
cefTary to exhibit in the drawing. 

I at feveral times inclofed two or three large Spiders in the fame 
glafs, and always found that when they approached each other, tliey 

* That is in Englifh, thoufand legs, the name vulgarly given to this animal; the Dutch 
call it Duyfent-been, a word of the fame import. 

Dr. Mead, in his celebrated Eflay on Poifons, when treating of the Spider, exprefled his 
doubt of this fa< 51 :, by reafon that he could not himfelf difcover the aperture, and Mr. Henry 
Baker, in his Treatife on the Microfcope, concurred in opinion with the Do«fl:or> that Mr. 
Leeuwenhoek muft have been miftaken in this particular. But in another Treatife*, after¬ 
wards publifhed by Mr. Baker, he informs his readers, that he had at length plainly perceived 
the aperture, and had fbewn the fame to Dr. Mead, who was much plcafed with the difeovery, 
A teftimony tliis, greatly to the honour of our Author. 

* Employment for the Microfcope. 
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would fight to that degree, as to be covered with the efrufioii of 
blood frojii their bodies*, which was foon followed by the death of 
the wounded Spider. I alfo obferved, that the fmaller Spiders al¬ 
ways avoided the larger, but when two of nearly equal fize ap¬ 
proached each other, neither would give way, but both of them 
grappled together furioufiy with their fangs, till one of them lay 
dead upon the fpot, its body being as wet with the blood flowing from 
the wounds received, as if water had been poured upon it. 

I at one time had a Spider which w'as wounded by the bite of 
another in the thickeft part of its leg, and from the wound there 
ifllied fome blood, in quantity, about the fize of a large grain of 
fand ; this wounded leg, the Spider held up, as unable to ufe it, and 
Iboii afterwards the whole leg dropped from its body : whenever the 
breaft or fore part of the Spider was wounded, I always obferved the 
wound to be mortaL 

I had imagined, that wdien a Spider applied its thread either to fome 
foreign fubfiance or to another thread, that the thread newly fpun 
mull: be covered with fome vifcous or glutinous matter by which it 
became faflened, in like manner as we obferve in Silk-worms 
threads. But I now found that the Spider cannot fix its thread to any 
thing, without imprinting the hind part of its body on the jfiace, by 
which prefllire, it emits an incredible number of exceflively fmall 
threads, diverging in every direblion, from whence w^e may conclude, 
that as foon as the threads are expofed to the air, they lofe their vif- 
cofity or glewy quality. 

When I at firft began the difleclion of the Spider, and endea¬ 
voured to difcover the vifcous or gummy fubftance from whence 
thefe threads proceed, and could not fatisfy myfelf in that particular, 
I was aftoniflied, not being able to conceive how, from fo moift a 

If any reader ftiouM be dirjjofcd to try this experiment, he mud not expeiSt to fee a red 
liquor illue from the wounded Spider. For the circulating fluid in many infects is clear or 
colourlcfs, though as fitly to be denominated blood, as that which flows in the-veins of ani¬ 
mals. 
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Body as this creature’s, there could in fo Ihort a time, be produced" 
threads firong enough to bear the weight, not only of one, but of 
fix Spiders at a time. And upon endeavouring to difcover the tex¬ 
ture of the threads, I could at that time perceive no more, than that 
the fame thread appeared in fome places to be one and entire, and in. 
others, to be compofed of three, four, or more threads ; and thougli 
I often endeavoured to obferve thofe threads immediately as they 
iilued from the Spider’s body, I could not obtain a perfedt view of 
them, notwithflanding which, I did not doubt, that what is commonly 
fuppofed to be one thread, is, in fadl, compofed of many. 

I determined therefore, fo to fix a Spider on its back, that it could 
not move the hind part of its body ; and this being done, I contrived 
with a fmall pair of pincers to draw out from the body, that I'm all 
part of the thread which projebfed from the organ or inftrument from 
which the threads proceed, and then I perceived a great number of 
exceeding fmall threads ifliie forth, which, when at about one or 
two hairs breadth diftance from the Spider’s body, united in one or 
two threads, and that in this manner the larger threads were com¬ 
pofed. 

Not content with thefe obfervations, I fat about deviling means of 
keeping the threads feparate, as they iffue from the Spider’s body, fo 
that I might be able to give fome reprefentation of their inconceiv¬ 
able finenefs, and at three feveral times I fucceeded herein to my 
wifh. But yet, this finenefs cannot by any efforts of the pen or pen¬ 
cil, be adequately defcribed. For upon applying the utmoft magni¬ 
fying powers of the microfcope, threads are difcovered fo exquifitely 
{lender, as almofl entirely to efcape the figlit. I have fometimes 
endeavoured to count thefe threads as they iffued forth, but always 
without fuccefs. 

The Limner, to whom I exhibited this objedl by the microfcope, 
declared, that it was not in his power to give a true drawing of it 
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v/ilh tlic pencil, but that by an engraving, it might in feme meafure 
be reprefented. This is done in 2 o, MNOPO, being a portion 
of thefc threads, as magnif’ed by the inicrofcope, and piblured fepa- 
rate and diilin6l from each other, as they illiied from tlie body of the 
animal. Thefe feemed to me to ifl'ue from two of the organs, which 
I flial] prefently deferibe. 

If we duly confider that the threads of Spiders, which to tlic 
naked eye feem to be fingle, are compofed of many fmaller ones, 
and that they thence acquire the flrength we obferve tliem to have, 
we fliall more than ever be allured, that no flexible bodies (except 
thofe made of metal, the component particles of which are, by the 
force of Are, inoft clofely compacted or knit together), can have 
any great flrength or toughnels, unlefs they are compofed of ob¬ 
long parts laid fide by fide, and that their flrength or toiighnefs will 
be greater w-here thefe oblong component parts are twilled together, 
-or made to cohere by foine glutinous matter, as are fpun filk, linen 
garments, ropes and tlie like. And this is the reafon why all the 
iingle threads of flax are very tough in proportion to their fize, for 
each of them is compofed of flill fmaller particles or fibres, which are 
not only joined together by a certain vifeous or gummy matter, but 
are alfo furrounded with a coat or bark, as it may be called, wliereby 
their inward component fibres are rendered flill flronger 

Again, if we advert to the great number of exceflively flender 
threads, proceeding, all at the fame time from the body of the Spider, 
we mufl acknowledge that tins kind of formation is neceflary, for 
were it a fingle thread which is fpun by this creature with fuch ce¬ 
lerity, the liquid matter of which it is formed, could not on its expo- 
fure to the air, become a folid fubflance fo quickly as thefe lefler 
threads ; an hundred or more of which, taken together, do not in my 
opinion equal the hundredth part of one of thofe hairs I can take 
from the back of my hand. 
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In a word, the infcrutable power and wifdom of the iVlmighty 
Creator, are manifeflly difplayed in the formation of fuch a thread 
as the Spider’s, the wonderful make of which is feldom obferved, 
becaufe the finenefs and delicacy of its texture are not difcernible by 
the naked eye. 

Upon beholding the exquifite flendcrnefs, and alfo the multi¬ 
tude of thefe threads, I was flruck with aflonifhment, upon confider- 
ing how wonderful mufi; be the organs in a Spider's body to produce 
lb many, and at the fame time all diftinft from each other. And 
although I never expebted that I lliould be able to dive into this fe- 
cret of Nature, yet, upon dilledling the hind part of one of thelargefl 
Spiders I could procure, and attentively examining it, I at length, 
with the greateft admiration, perceived a great number of excelTively 
fmall organs, from eacli of wliich, one exquifitely line thread pro¬ 
ceeded, and thefe were lb many, that I thought their number mull 
at lead exceed four hundred. They were not all placed dole toge¬ 
ther, but in eight diftin6l fpots or compartments, lb that if the 
Spider ufes all thefe organs at the fame time, eight feveral threads 
may be formed, each of which will confilt of a great number of 
fmaller ones. Again, thefe fmaller threads differ in fize, for one of 
the organs will be feen to Ipin a thread twice as large as the next 
adjoining to it. 

If any perfon examines by the microfcope that part towards the 
extremity of the Spider's body, from whence its thread proceeds, he 
will obferve the fpot to be, as it were, furrounded by five feveral pro¬ 
tuberances or rifings, each ending in a point, and altogether form¬ 
ing a kind of enclofure ; but from the anterior or forwardeft of thefe 
five protuberances no threads proceed. The other four, on their 
outer fides are thick fet with hairs, fo that all the fmaller organs 
deffined to fpin the threads, are fituated towards the inlide, the rea- 
fon of which, I take to be, tiiat they may be preferved uninjured, 

F 
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Vv ilcii the Spider is creeping into holes, where it does not want to 
Ipin its web, or while running along the ground, or after its prey. 
When tliefe kill mentioned four protuberances are put afide from 
each other, there will be feen in the middle or fpace between them 
four fmaller ones, each furniflied with the like organs for fpinning 
threads, but lefler in fize and fewer in number. 

Thefe organs for fpinning, being by this means all expofed to 
view, exhibit the appearance, as it were, of a field, thick fet with 
an incredible number of pointed parts, each producing one thread ; 
but thefe pointed parts are not made gradually tapering from the 
bafe to the point; they are formed, as if one were to imagine a 
fmall reed fomewhat tapeiang, liaving a flill fmaller one joined to its 
taper end#, and this latter terminating in a poi.nt, wliich point, in 
th.efe organs I am now deferibing, is as fine as imagination can con¬ 
ceive. 

Now if we lay it down as a fadf, that a young Spider which is 
feveral hundred times linaller than a full grown one, is furniflied 
with the fame organs as the larger, and that, as the Spider, fo the 
organs do by degrees grow proportionably larger, the neceflary cor- 
clufion is, that the threads fpun by a young Spider, are many hun¬ 
dred times finer than thofe fpun by one full grown, which exquifite 
flendernefs, it feems beyond the power of the human mind to form 
a true idea of. 

I have given a reprefentation of fome of the organs, by which thefe 
incredibly fmall and numerous threads are fpun, as nearly as the 
Limner was able to draw them, when feen by the microfeope. And, 
at /ig. 21, RST V, exhibits one of the four external parts or protu¬ 
berances I have been deferibing ; this part, including all which with 
it is reprefented in the figure, was not in its natural fize fo large as 
a common grain of land, from whence fome judgment may be formed 
how minute muft be thefe organs, and how exquifitely fine the 
threads which illue from them. 


See fg. 22 , 
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In this figure, that part which is marked with the letter W', waN 
covered with as many organs, and tliofe placed as clofe together, 
as are reprefented between the letters R and S, but as thel'e latter, 
Handing dire^Ry in front, could not by any means be diftinclly 
Hiewn in the drawing, I ordered that fpace to be left vacant: the 
part which is out of fight, was not covered with thefe organs but 
with hairs. 

While I held this objedf up to the Limner’s view’, I turned round 
the different parts of it, that he might declare liow many of the 
organs for fpinning the threads, in his judgment, it contained, upon 
the view of which, he w^as confident that there w ere above one 
hundred, 

I have before mentioned, that fome of thefe organs appeared to 
me to be larger than others, and that I fuppofed their ufe w'as for 
fpinning the larger threads. One of thefe, as it flood between 
tw^o fmaller ones, I placed in view of the Limner, diredfing him to 
make a drawing of it. This is feen at fg. 22, C F, and iii the fame 
figure, at the letters ABandDE, are reprefented the two Icller 
organs, from one of which, a thread is feen to ifllie. 

After this, I took a fmall Frog, whofebody was about an inch and 
an half in length, which I put into a glafs tube together with a large 
Spider, in order to fee the adlions of thefe two animals when brought 
together; and I obferved the Spider pafs over the Frog without 
Iiurting it, though with its fangs difplayed as if to attack the Frog. 
Upon this, I caufed the Frog to fall againft the Spider, who, there¬ 
upon, flruck his fangs into the PTog’s back, making two w’ounds, 
one of which exhibited a red mark, and the other a purple fpot. I 
then brought the Frog to the Spider a fecond time, wiio, thereupon, 
flruck liis fangs into one of the Frog’s fore feet, wiiereby fome 
few of the blood veflels were wounded. And hiaving provoked the 
Spider a third time, he flruck both fangs into the Frog’s nofe, 

F 2 
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prefcntly after which, I took the Spider out of the glafs. The 
Frog, thus wounded, fat without motion, and in about the fpace of 
half an hour, it ftretched out its hind legs and expired. 

The next day I brought another Frog, about the fame fize as the 
former, to the fame Spider, but though it was twice wounded, I did 
not perceive it to be injured thereby, perhaps becaufe the Spider s 
bite may not be fo venomous in our climate as in warmer regions, or 
elfe, that the poifon of this Spider might have been exhaufted by 
former attacks ; the Frog I threw back into the water whence I had 
taken it. 

Towards the end of Odlober, I took feveral of the larged Spiders 
tliat could be got, and placed tiiem in glaffes apart by themfelves, in 
order to wait for their laying eggs, which I purpofed to open, and 
examine the contents. Two of thefe Spiders, after being confined 
ten or twelve days,' I found had laid their eggs, and enveloped them 
in fo thick a web, that I was adonifhed to behold it, confidering that 
it had been fpun in a few hours fpace. 

Some of thefe eggs I opened, and found the infides to be of a 
yellowifh colour; the form of each egg was almoll: round, and 
nearly the thirtieth part of an inch in diameter, and the whole collec¬ 
tion of eggs laid by one Spider compofed a rounding figure, almoft 
fpherical, nearly half an inch in diameter, from whence may be com¬ 
puted how great a number of eggs the Spider lays. And one would 
almofi: think it impofiible for fo many to be contained within this 
creature’s body; fince upon viewing them with the naked eye, as 
they lie together in regular order, they occupy a larger fpace than 
the fize of the animal itfelf. But it muft be confidered, and it is 
what 1 have often experienced in opening Spiders, that the eggs while 
within their bodies are not of a globular figure, but being very foft 
they lie comprefied together, and therefore are of divers fhapes, but 
as foon as emitted from the Spiider they afilime a fpherical form, by 
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reafon of the equal preflure of the atinofphere on every part of them ; 
and when of this round figure, being placed in exa(5l order, fide by 
fide, and only touching each other in a point, they mull neceflarily, 
to our view, occupy more fpace that they did while in the animal’s 
body. 

I at fird was not able to conceive by what means the Spider could 
place its eggs fo exadly in the centre of the web, but now I was 
fatisfied in that particular, for while I was obferving a third Spider 
which was fixing a web to the glafs in order to lay her eggs in it, I 
faw that fird die made a kind of thick layer of threads, and fadened 
them to the glafs before die began to lay one egg ; and it was mod 
wortliy of remark that this layer or dratum was not dat, but curi- 
oudy made with a roundidi cavity. In about three quarters of an 
hour's fpace, upon again obferving the Spicier, I faw that this ca¬ 
vity was not only dlled with eggs, but that eggs were piled up above 
the edges of it to the fame heighth as the hollow of the cavity below, 
and the Spider was then bufied in fpinning a web to enclofe the eggs 
on every fide. For this purpofe die employed not only the hind part 
of her body from whence the threads were fpun, but her two hinder 
feet, with which die placed the threads in due order. And now all 
the organs ufed in producing the threads appeared in view, each of 
them in the a6f: of emitting its particular thread. I alfo obferved the 
Spider elevate the hind part of its body about the breadth of a draw, 
and then fix the thread which by the elevation had been drawn out to 
that length, to the web which was already fpun about the eggs. 

I was very defirous to fee a Spider in the a6f; of laying its eggs, 
which at length 1 obtained a fight of, and obferved that they w^ere 
not emitted from the fame part as is ufual in all other minute ani¬ 
mals ; but from the fore part of its belly, not far from the hind legs* 
and near the place, I obferved a kind of little hooked organ, hand- 
fomely diaped, w'hich I had often before feen in this animal, and 
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could not imagine for what purpofe it was defigncd ; but now I 
perceived, that it extended over tliat part whence the eggs illiied, 
and I therefore conje6hired that its ufe was to depofit them in regu¬ 
lar order within the web prepared to receive them. To give fome 
reprefentation of thefe parts, I caufed a drawing to be made of a 
middling fized Spider, lying flat on its back, with the legs contra 61 :ed, 
as if it were dead. This is fliewn in fig. 23, ABC, and near to letter 
D is the hook juft mentioned. 

This hook I then feparated from the Spider’s body, and placing it 
before the microfcope I delivered it to the limner, that he might 
make a drawing of it as it appeared to him. This drawing is given 
aty?g. 24, GHIK, and therein between the letters I and K, certain 
folds or wrinkles appear, this organ being fo formed as to have a 
greater extent of motion and adfion than ufual. The letters EF 
flenote that part which was joined to the Spider’s body. 

On the flrft of January, I put fome Spider’s eggs into a glafs tube 
which I conftantly carried about me, in order to difcover whether by 
the warm til I imparted to them, they would be hatched fooner than 
the ufual time, which is in the fpring ; and on the 17th of January 
I faw above twenty five young Spiders compleatly hatched, and as 
many more half way out of the eggs; and in the evening of the 
fame day I counted above an hundred and fifty young ones. The 
next day, the number was not increafed, for the remainder of the 
eggs, to the number of fifty, or thereabouts, were either barren, or 
the young Spiders were dead within them. 

Upon expofing the glafs tube at this cold feafon, to the air for 
about a quarter of an hour, the young Spiders lay without motion, 
but upon applying fome warmth to it, they began to move, and the 
greater number of them crouded themfelves together in an heap, 
after the manner of bees, within the web where the eggs had been. 
On the 21 ft of January I could difcern eight eyes in each of them, 
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Inch till then had not been vifible, and on the 2.5th of January they 
begaji to fpin webs in the fame maimer as full grown fpiders, 

I had hitherto been at a lofs to conceive how this great number of 
young . Spiders could be fupplied with nourifliment, confidering that 
the natural food of this creature is the fubftance of other infe 61 s ; but 
I now perceived that they had fed on the barren eggs which had been 
left in the glafs^ and they afterwards devoured one another till they 
were reduced to a very few in number. 

I have often compared the fize of tlie thread fpun by full grown 
Spiders with a hair of my beard. For tliis purpofe I placed the 
thickefl part of the hair before the. microfcope, and from the moll 
accurate judgment I could form, more than an hundred of fucli 
threads placed fide by fide could not equal the diameter of one fuch 
hair. If then we fuppofe fuch an hair to be of a round form, it 
follows that ten thoufand of the threads fpun by the full grown 
Spiders when taken together, will not be equal in fubftance to the 
fize of a fingle hair.^ 

To this if we add that foiirj' hundred young Spiders at the time 

* This is found by multiplying the number of Spiders’ threads, conftituting the diameter 
of the hair (which the Author computes to be one hundred) into itfelf, the contents of 
cylinders (which round threads may be called), being in the fame proportion as the fquares 
of their diameters— 

therefore loo diameters of the thread 

multiplied by the fame number loo 

the fquare will be 10,000 the proportionate fize of the hair, 

and this being multiplied by 400 the fuppofed bulk of a young Spider Cora- 

4,000,000 

pared wiih an old one, gives four millions, the proportion affigned by the Author to the 
young Spiders’ threads. 

The Author’s manner of computing thefe very minute diinenfionsj is fully explained in 
the Introdudlion. 

f The difference in the fize of garden Spiders in Spring and Autumn, muft have been 
noticed by almoft every one, and the Author in his computation, confiders them as fpheri- 



when they begin to fpin their webs, are not larger than a full grown 
one, and that each of thefe minute Spiders poflelfes the fame organs 
as the larger ones, it follows, that the exceeding fmall threads fpun 
by thefe little creatures, mull be hill four hundred times flenderer, 
and confequently that four millions of thefe minute Spiders' threads 
cannot equal in fubhance the fize of a fingle hair. And if we farther 
confider of how many filaments or parts each of thefe threads confifis, 
to compofe the fize we have been computing, we are compelled to 
cry out, O what incredible minutenefs is Iiere ! and how little do we 
know of the \vorks of Nature ! 

I never could procure a fight of thefe animals when coupling to¬ 
gether, either in the gardens or fields, nor when inclofed in glaffes, 
for 1 always perceived the female to run away at the approacli of the 
male, and having at one time inclofed three male Spiders with a 
female in one glafs, the female flew at the males with fo much fury, 
and wounded them to fuch a degree, that blood ifliied from their 
legs and feet. Hereupon I killed the female, and the next day I faw 
two of the males lie dead, and the furvivor employed in devouring 
the dead female. 

Thefe are the chief of my obfervations on the Spider, an animal 
held in fuch deteftation by many, that they dread even the fight or 
approach of it, but in which we find as much perfedlion and beauty 
as in any other animal. 

cal bodies, which according to the rules of arithmetic, are in the fame proportion to 
each other as the cubes of their refpedtive diameters. Thus, if a young Spider’s body is a 
feventh part of the diameter of a full grown one, the latter will be 34 3 times the bulk of the 
former, if an eighth part, 512 times. The proportion here alligned by the author, is nearly 
the medium between thefe two. 



Of the silk WORM. 


The Royal Society having recommended to my e^camination, the 
fruitful and barren eggs of the Silk-worm, I procured a number of 
thofe eggs, which had been lately laid by the Moth or Butterfly 
produced from that infe 61 ; this was about the beginning of the 
month of September. Thefe eggs, when firfl; laid, were of a yel- 
lowifh colour, which in about two days time aflimied a reddifli call, 
and at fix days end they appeared to the naked eye of a liver colour, 
feveral of them I opened, by taking off the upper part of the 
Ihell with as light a touch as poflible, and in every one of them I 
obferved an exceeding fmall and delicate membrane, which to the 
naked eye appeared blackifli, but on examining it by the microfcope, 
I found the real colour to be violet, but where the violet particles 
compofing it lay clofe together, they afllimed a blackifli appearance. 
This membrane lay next to the fliell of the egg, and I imagined, 
that within it the future Silk-worm would be formed; and in the 
part where this membrane was joined to the fliell, I faw a minute 
fpeck or fpot, which I concluded to be the vital principle, and the 
rather, as this fpeck was wanting in thofe eggs which I found to be 
afterwards barren ; and it is further to be noted, that in the barren 
eggs no fuch membrane as I have mentioned was formed, nor did 
they change their original yellow colour. This membrane in a fhort 
time extended over the whole infide of the egg, and being feen 
through the fliell, which is tranfparent, caufed it to appear of a 
bluifh colour. 

Some of thefe eggs, which were fix weeks old, I put into a flat 
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fcrewed box, which in the day time I carried in my pocket, and at 
night placed befide me in bed, that they might continually be kept 
warm ; and in another box of the fame kind, I put fomemore eggs,, 
three weeks old, and thefe my wife (who w^as always very warmly 
clad) conftantly carried in her bofom. This we did, to try the ex¬ 
periment, whether it w^ere polTible to promote the growth of Silk¬ 
worms in the autumn. 

In the month of Odiober I opened fome of the eggs which I had 
thus kept by me for about a month, and in one of them, I obferved 
a minute Silk-worm, about the thicknefs of an hair, and proportion- 
able in length, but I was not able to dihinguifh any particular parts 
in its body. In the fpace of ten days more, I found larger w’orms 
in the eggs, whereupon, I opened fome of thole w^hich my wife had 
carried about her, and in thofe, I faw^ Silk-worms, w Inch by the 
microfcope, appeared as large as one’s finger, and thefe I propofed 
to have given drawings of, but the animals foon drying, and all the 
moifiure in the eggs evaporating, they entirely lofi their figure, fo 
that neither the head nor tail, nor any other parts of tlieir bodies 
could be difiinguifiied, although 1 had very plainly feen them when 
the eggs were fir ft opened. 

After this, I from time to time opened others of thefe eggs, but 
I could not perceive any farther growth in tlie animals, and at length 
all the moifture in the eggs fo dried aw^ay, that they loft their lhape 
and became flattened. 

In the beginning of May, in the following year, I opened feveral 
of the eggs wiiich had remained all the winter in my ftudy, and 
then I obferved minute Silk-worms within them, and a kind of glo¬ 
bular particles lying clofe to them, w'hich I judged wmuld afterwards 
be formed into the limbs of the animals. 

Towards the end of this month, the Silk-wmrms increafed in 
growth very rapidly, fo that on the ecth of May, upon opening fe¬ 
veral of the eggs, I could perceive, not only feveral parts of each 
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aniniars lieacl, but alfo a great number of fmall veflels in it which 
branched out into others extending all over the body, particularly to 
thofe parts where I could perceive the claws begin to appear, and 
which, therefore, I concluded, were nouriflied by thofe veil els. In 
fliort, I faw fuch multitudes of veflels, with their branches, all of a 
blackifli colour, as is not to be conceived, for when thefe branches 
became beyond meafure flender, they loft their dark tinge, and at 
length became invifible. And I can fafely fay, that I do not think I 
have feen fo many arteries pidlured in the drawing of an human 
body, as appeared in thefe objedts, which I Ihould have given a 
drawing of, but the moifture in thefe minute veflels dried fo quickly, 
that they loft their figure, and could no longer be diftinguiflied. 

On the 2ift of May, I opened feveral more eggs, and faw that 
many of the Silk-worms in the fpace of the laft twenty-four hours 
were I’o much grown, that they appeared compleatly formed, for I 
could not only fee the head perfedlly formed with all its parts, but 
alfo all the claws and limbs, and the body every where covered with 
hairs : upon opening thefe Silk-worms, I law the inteftines, and now 
the membrane, which hitherto had inclofed the animal, was difap- 
peared, the fubfiance thereof by this time having palled into its 
body, which had aflumed a blackifli colour, but the head was parti¬ 
cularly black, and I perceived fome motion in the animal when taken 
out of the egg. 

The next morning, upon opening more eggs, each Silk-worm 
which had lain in a round pofture within, immediately extended 
itfelf and crept about, and I found that all the moifture wliicli I had 
hitherto obferved in the eggs was gone, it having palled into the body 
of the worm, which was perfedlly dry. In the afternoon of the fame 
day, I obferved that feveral worms had crept out of the eggs placed 
in my clofet, whereupon I fat about examining the remainder of 
thofe eggs, chufing i’uch of them, wherein the formation of the ani- 
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mal appeared to be leaft advanced, whereas before this I had opened 
the moil perfedt ones : and thefe I found in the fame forwardnefs of 
growth as the eggs I had opened on the 20th of May, and by this 
time all the dark coloured bodies of the animals, efpecially the head, 
might plainly be difcerned through the tranfparent fhell. 

This rapid formation of the Silk-worm, and its motion within the 
egg, excited in me the greateft admiration, and if I had not profe- 
cuted the obfervations I have been relating, I fliould have thought 
it abfolutely impoffible : for, in the preceding autumn, I had placed 
thefe eggs in a much greater degree of heat than they were now ex- 
pofed to, and yet I could not at that time promote the perfed forma¬ 
tion of the animals within tliem. And, from my prefent obferva¬ 
tions, I was led to conclude that it has been an eflential property of 
this creature, implanted in its fpecies at the firft creation, that the 
vital principle mull lie flmt up in the egg for more than the I'pace of 
fix months, without any augmentation of its fubftance, except in the 
formation of that part which is to ferve firh: for the defence and pre- 
fervation, and afterwards for the nourilhment and increafe of the 
animal, and this is the membrane or (kin I have before defcribed ; and 
that were it not for this provifion made by nature, the whole fpecies 
of the Silk-worm would be liable to perifh in one year : for if a warm 
leafon in autumn fhould caufe the worms to be excluded from the 
eggs, the fucceeding cold and rains muft prove their delfrudtion. 

I obferved that the Silk-worms always came forth from their eggs 
in the morning, and not in the afternoon. To afcertain this, on the 
laft day of May, in the evening, I counted the eggs I had then left, 
which I found to be about two hundred. The next day, namely, on 
the firft of June, at fix in the morning, ninety-feven Silk-worms had 
come out of their eggs, and the fame day at dinner-time, or about 
one o'clock, thirty-two more. In all the afternoon, although the 
atmolphere was warm, only one made its appearance; but the next 



( 53 ) 

day, at feven in the morning, forty more were excluded from their 
eggs. 

I always found, that the opening in the fliells, througli which the 
worms crept forth, was blackifli about the edges, and, as I could not 
conceive this blacknefs to be caufed merely by the touch of their 
bodies as they crept through the opening, I carefully obferved the 
animals at the time they were employed in biting or gnawing open 
the egg, and I always perceived, that in doing this, they frequently 
emitted a blackifli watery humour or liquid from their mouths, with 
which they moillened the fliell in that part where they were biting it, 
and this not merely on the inflde, for when they had made the aper¬ 
ture large enough for them to emit this liquor on the outfide, they 
then moiflened the Ihell both within and without, I alfo obferved, that 
when the worm was about moiftening the flicll, it cealed biting or 
gnawing for a fliort time, until (as I fuppofe) it had brought into its 
mouth a portion of the liquid for that purpofe, in like manner as 
oxen, while chewing the cud, defift at intervals for a Ihort Ipace, 
until they have produced a frefli portion of tlieir food from their flo ■ 
machs. 

From hence I concluded that without this kind of liquid, it would 
be impolhble for the young Silk-worm to open to itfelf a pallage 
through the fliell of the egg. And I faw that the animal was very 
fparing in the confumption of this liquid; for in that part where it 
had moiflened the fliell, it continued to bite or gnaw (without mov¬ 
ing to a frefli place), until (as it appeared to me) it had eaten or 
taken into its mouth the liquid, and the bitten or fcraped-ofl’part of 
the fliell. At which inconceivable perfe 61 ion in this little creature, I 
was flruck with aftonilhment, and I drew from it this concluflon in 
my mind, that not only the Silk-worm, but other creeping infecfls, 
when come to maturity in their eggs, do emit fome liquid matter 
from their bodies, in order to foften the fliell in that part where they 
are endeavouring to break forth, and poiTibly this liquor may have in 
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it feme acute or corrofive fait, fitted for fofteiiing the fiiell of the 
egg. 

I cannot quit this part of the fubjedl, without exhibiting the for¬ 
mation of the Silk-worm's egg, becaufe the feveral particles of which 
it confifts, are fo firmly and clofely united together, that they pre- 
ferve the liquid fubftance within the egg many months without the 
leafl evaporation. 

Plate \l.fig. 25, FGH, is the fliell of the Silk-worm's egg, opened 
by tl.ie animal, as it appeared to the limner through the microfeope; 
G H, is part of the aperture which the worm, by biting or gnawing, 
opened for itfelf, and through which it crept out of the fhell. 

Some years after the preceding obfervations, 1 further profe- 
-cuted my enquiries by obferving the Silk-worms as they advanced in 
growth, which I could eafily do, having two mulberry trees in my 
garden, which fupplied me with food for the worms, of which I had 
three or four hundred. 

I have often by the microfeope examined the cuticle or thin fkin 
which is filed by thefe infedfs the * laft time before they are full 
grown, and particularly the more folid part of it which covers the 
head ; and with great wonder, I beheld in it all the organs or mem¬ 
bers with whicli the head is furnilhed, and particularly I faw a num¬ 
ber of eyes difpofed on each fize of the head, in fit order to enable 
the animal to fee every objebl around it: further to examine which, 
I have feveral times cut off the heads of full grown Silk-worms, for 
otherwife they were in fitch continual motion, that I could not clearly 
diftinguilh thefe eyes. When the Silk-worms were changed into 
aurelias, I faw the Ikins of their heads and the reft of their bodies, 
which they had put off' on the change, and upon examining tliefe by 
the microfeope, I always found the horny coats of-the eyes in their 
caft-off fkins. Several parts or pieces of the head with the eyes in 

* Silk-worms fhed their tl:ins four feveral times, before they begin to fiun their cone or 
covering. 
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them, I placed before the microfcope, and delivered them to the 
limner, tliat he might make a drawing of one of them. 

Fig. 26, ORSTVW, reprefents one fide of the Silk-worm's head, 
with fix eyes placed therein ; on view of which, it plainly appears 
that the eye marked with the letter O, is defigned to view objedls 
diredlly in front; that marked R, to look a little obliquely forwards, 
and at the lame time upwards ; the eye marked S, to look on one 
fide, and at the fame time a little upwards ; that marked T, to look 
rather backwards, and alfo obliquely upwards ; the eye marked V, 
to look entirely backwards ; and that marked W, downwards. And, 
confidering that the eyes of thefe creatures are immoveable, the num¬ 
ber and pofition of them as before deferibed (fix on each fide), are 
the befi: calculated for enabling the animal to I’ee all circumjacent 
objedls. 

At the fame time, I obferved the teeth or pincers with which the 
head is provided, and v/ith which this animal bites or chews the 
leaves it feeds cn ; a row or fet of thefe teeth is placed on each 
fide of the head, and they moll exadlly fit into or correfpond with 
each other. F/g.27, ABODE, reprefents thofe teeth which were 
placed on the right fide of the head, and here may plainly be feen 
how each tooth has a thicknefs or rifing about the middle of it, in 
order to give it ftrength, whereas the parts of the teeth between 1> 
E, are exceedingly fiiarp and fine, in order more efiebtually to cut 
or chew the leaves : and each of thefe teeth has the fame thicknefs 
or rifing, both on the infide and outfide. The part reprefented at 
ABCD, appears very thick in proportion to its fize, but upon more 
narrowly examining it, I found that this thicknefs did not confift of a 
folid bone, but was hollow within, which cavity probably liad been 
filled by fome kind of mufcle. At A and B, appear two round boney 
parts, which in my opinion fit into hollow fockets in tlie head, fo as 
to give the teeth free and fufficient motion. 
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■When I firfl examined the Silk-worm’s thread by the microfcopc, 
it feemed to me not to be of a round form but fiat, for the fame 
thread appeared in fome places four times thicker or broader than 
in others ; I alfo thought, that each of the threads was double, or 
compofcd of two others, forafmuch as the middle of the thread 
always feemed darker than the reft, and the whole appeared, as if 
one were to fuppole, two tranfparent threads lying clofe and parallel 
to each other, and glued or faftened together, and each of thefe two 
threads not to be fo pellucid at the Tides as in the middle. 

I next confidered with myfelf, whether thefe fingle threads might 
not be compofed of many fmaller ones, and having at length found 
means to break or feparate them into very fmall fragments, I plainly 
perceived each of them to be compofed of a number of exceftively mi¬ 
nute filaments. 

Farther, I placed a Silk-worm which was beginning to fpin its 
ball or covering, in a glafs tube, large enough to give the animal 
liberty to move and turn itfelf about, and I obferved it to fix the 
thread in various places, fometimes to the glafs and afterwards to the 
threads already fpun, by means of a certain glutinous or gummy 
matter, with which the threads are fmeared when they firft iftiie 
from the animal’s body. In the progrefs of its fpinning or forming 
its ball or cone, the Silk-worm frequently changed its pofition, and 
carried the thread by various turnings and windings in every direc¬ 
tion, it being implanted in this creature by nature, always to form its 
cone or web of an equal fubftance and ftrength in every part next its 
body. 

Upon examining this cone or ball of filk by the microfcope, I per¬ 
ceived in hundreds of places, that the threads of which it was com¬ 
pofed, were not fingle but double threads, and this was more parti¬ 
cularly diftinguiPuable in thofe places where they were bent in a very 
fhort elbow or turning in their fixure, either to the glafs or to one 
miother. This is explained at fg.^S, ABCD, which reprefents 
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a very fmall particle of tlie Silk-worm’s thread, and tliis is here 
leen to be formed of two others, which, for the greateft part, are 
joined together as at letter A, but where there is a fliort turning or 
winding they are feparated, and appear in two parts. This double 
thread remains united, by means of the vifcous or gummy matter be¬ 
fore mentioned, until, by being immerged in water, the gum is 
dilfolved. 

Now, if we confider that the Silk-worm’s threads are not round 
but flat, we fliall prefently difcover the reafon why no fubflance, 
whether, of wool or hemp, how fine foever it may be, can be formed 
into cloths or ftuffs, that will compare with filken garments in the 
gloflinefs of their appearance. For, the flat furfaces of the filken 
threads, refle6l the light more copioufly and ftrongly, producing their 
glittering or glofly appearance, whereas the light which fliines on 
fmall round bodies is very little refle6fed from them. 

In order to exhibit the flatnefs of thele double threads more 
plainly to the limner, I twilled fome of them a little, and then plac¬ 
ing them before the microfcope, I caufed him to make a drawing 
thereof. One of thefe threads is fhewn atyfg. 29, EFGHI, and be¬ 
tween the letters FG and HI, it is pi6lured as feen obliquely, prov¬ 
ing that the threads as fpun by the worm are not round but flat; they 
are likewife fo tranfparent, that one thread can eafily be feen through 
another which is placed upon or over it. 

Let us but attentively confider the make and compofition of fuch 
a thread as the Silk-womi’s, bearing in mind alfo, how wonderful 
mull be the fl;ru 61 iire of the creature’s body from which thefe double 
threads are produced, each of which again confifts of a great number 
of oblong particles or fmaller filaments ; and when we further refle 61 
that from fo moifl; and watery a body as is the Silk-worm’s, fuch 
flrong and tough threads are produced, capable of being applied to 
the many purpofes ^ve continually experience, who, upon feeing all 
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this, can refrain from exclaiming with me How infcrutable and 
incomprehenfible are the hidden works of Nature 

The fiiken cafe or web of which I am now treating, and whicli the 
indiiftry and ingenuity of mankind has converted to fo many ufeful 
purpofes, is conftruded by the animal for no other end than that 
when its change into a chryfalis or aurelia approaches, and it cannot 
then be concealed under the leaves of the trees, nor can during the 
time of its change adhere to any thing, nor even change its place, and 
during all that time lies as it were motionlefs, it may be preferred 
from becoming a prey to birds; and this I am vrell convinced is the 
cafe with all infe^fs of the caterpillar kind, which, wlien they are full 
grown, and their change approaches, wrap themfelves in fome kind of 
web or covering. 

But my chief objedl, in all thefe my obfervations, was, to difcover 
as much as poffible the nature of that organ from which thefe two 
threads proceed, and by what contrivance they are joined fo clofely 
together : the common opinion refpcaing which threads is, that they 
ifi'ue from the animafs mouth. For this purpole I found it necefiary 
to hx a Silk-worm on its back, and then the organ, which is placed 
below the mouth, appeared in fight. Fig, ABC, exhibits this 
organ. The parts marked DE and FG are placed below the mouth, 
and the organ from which the threads ifllie is fituated hill lower! 
While the limner was making this drawing, fome part of the teeth 
appeared in his view, which he alfo included in the figure, at the 
letters HIK, and this was done, more clearly to prove, that the 
threads do not proceed out of the Silk-worm^s mouth, as is the vul¬ 
gar opinion. 

After I had difcovered the particulars above enumerated, I endea¬ 
voured to inveltigate the matter or fubfiance from wiiich the threads 
are formed in the body of this infea. For this purpol’e I cut off the 
heads of feveral Silk-worms which had begun to fpin their web or 
cone, and then I faw, befides the other internal parts, two oblong 
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and round bodies four times folded or doubled together, which I took 
out of the animahs body. Thefe parts were almofl: twice the length 
of the Silk-worm, and at one end, the fituation of which I conceived 
was in the head, they terminated in a point, and fometimes I faw 
ilTue from this pointed end, an excefhvely flender thread, four times 
the length of the Silk-worm. 

Thefe organs, or rather veflels, in the thickefl parts of them, were 
of a red colour, yet when examined by the microfcope they feemed 
yellow ; but when I feparated the inner from the external part of 
them, the exterior part feen by the naked eye appeared of a perfe6l 
yellow. 

Fig. 31, LMN, fliews one of thefe bodies or parts which I have 
been juft defcribing, and of the lame ftze it appeared to the naked eye 
when dry and contradfed. The letters M and N denote how far the 
red colour extended ; from L to M was of a perfe6l yellow, and 
here I judged that the thread when produced from the interior part 
of the animahs body was kept ready for life. At N is the fmall end, 
the fituation of which was near the head, and indeed within the head 
itfelf. Between L and O, in my judgment, is the way or paflage 
tliroiigh which is conveyed the matter or fubftance of which the 
threads are compofed. This part was of a yellow colour, and is 
longer than here pi6lLired, being broken off at O. Another part or 
organ of the fame make and ftiape, was alfo contained in the Silk¬ 
worm’s body, and from tliefe two parts the fubftance is fupplied for 
producing the two diftin6l threads I have been defcribing. 

Sometimes when this part or organ was broken oft at N, I per¬ 
ceived in it a kind of cavity, but extremely minute. 

I oftentimes took hold of the end of the thread wfticli the Silk-worm 
was preparing to fpin, and drew it out from the body with fo much 
rapidity, as by twenty-f ve times to exceed the fwifteft motion of the 
worm in its own Ipinning ; and I found that when the thread was 
drawn forth to the length of about fifteen or ftxteen inches, it broke 
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off, either near the organ from whence the threads proceed, (marked 
in fig. 30, with the letter C) or elfe within the body of the Silk-worm 
itfelf. And on thefe occafions I alfo obferved that the threads were 
covered with much more of the vifcous or gummy fubftance than 
ufuallv adheres to them when fpun by the worm, which fub/lance 
allb appeared of a yellow colour. 

Further, I took a Silk-worm which had fpun more of its ball or 
cone than any I had before examined, and on opening it, I perceived 
that the part which in 30, had appeared of a red colour was now 
quite yellow ; and when I opened another Silk-worm which had, as it 
were, confumed or exhaufted all its filk in fpinningthe web, the lame 
parts appeared quite of a pale colour. 

\Yhen I examined by the microfeope that part which is reprefented 
mfig. 31, at LMN, I difeoveredin it a great number of blood veffels, 
moffly compofed of annular parts or rings. A fmall portion of one 
of thefe vellels in a place where it divides into two brandies, is re¬ 
prefented aty?^. 32, FGH I K. This was not one of the largell vellels 
I law, for near to it was one four times the fize. 

1 have at feveral times when the Silk-worms had, as I fuppofed, 
nearly finiflied their web or covering, cut it open, in order to obferve 
the change they underwent, and at that time I remarked, that when 
the fkin about the head became loofened, the worm was then changed 
into a chryfalls or aurelia, and nothing wanting to compleat that 
change, but the putting off its Ikin of a worm. But wdien I myfelf 
endeavoured to llrip off this Ikin, I found the under one fo foft and 
tender, that I could not avoid injuring it. 

Moreover, I have examined by the microfeope the Silk-worm, 
when it firh iffiied from the egg, to difeover, if polhble, wliether the 
exceeding flender thread fpun by fo minute a creature was a 
double thread, and in more than one inflance, I found this to be the 
cafe. Thefe threads I judged to be above a thoufmd times llenderer 
than thole fpun by full grown Si Ik-worms, and they were all covered 
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with a proportionable quantity of the glutinous or gummy matter 
before-mentioned. In flmrt, there is no doubt that the fame perfec¬ 
tions exift in a newly-hatched Silk-worm, as can be difeovered in one 
full grown. 

I have frequently examined the flying infect, moth or butterfly 
produced from the aurelia or chryfalis of the Silk-worm ; and, hav¬ 
ing before particularly deferibed the eyes of this creature while a 
worm, I now employed myfelf to difeover the nature of its eyes, 
when changed into a moth ; and for this purpofe I placed before the 
microfeope one of thofe organs of fight, which in this animal is com- 
monly deemed one eye. This is protuberant or rifing above the 
head, rather more tlian an hemifphere, and is compofed of a number 
of fmaller optical organs : Thefe I counted with the greatefl exa 61 ;- 
nefs I was able, beginning at the bottom of the hemifpherc, and pro¬ 
ceeding to the fummit or uppermofl part of it, which diftance made 
the fourth part of a fphere ; and in this fpace I counted thirty-fix op¬ 
tical organs or eyes. But, not fatisfied with my own computation, 
I delivered the microfeope to the limner, defiring him to count them, 
and in the fame fpace he reckoned thirty-five. This latter number I 
wdll fuppofe to be right, and from it I proceed to compute as follows : 
—If the fourth part of the circumference or great circle furrounding a 
fphere contains thirty-five, the entire circumference will contain 140. 
Now Metius informs us, that having the length of tlie great circle in 
a fphere, the calculation of the wdiole fuperficies of fuch fphere isbeft 
andeafiefi computed, thus: As 22 is to 7, lb is the quadrature of the 
great circle to the fuperfices of the fphere, therefore in the prefent 
cafe the computation is as follows ;— 

As 22-Z—. — 19600 140 the circumference or length of the great 
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19600 the quadrature of the great circle. 
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From lienee it follows, that each of tlie fmall parts or organs of 
figlit of this iiife6t, which is vulgarly deemed but one fmgle eye, is 
compofed of more than three thoiifand optical organs or eyes, but if 
:both parts together conftitute a fphere, they then contain 6236 opti¬ 
cal organs or eyes. 

I have caiifed this part or eye of the infedl to be drawn of the fame 
fize as it appeared to the naked eye of the limner, to give the better 
idea of the winders w^hich are concealed in fo linall an animal. This 
is fhewn aty^. 33, between the letters L and M. Each of the opti¬ 
cal organs contained in this eye is feparated from tlie reft by a line 
or divifion of fix Tides, or of an hexagonal figure, and all thefe hexa¬ 
gonal organs or eyes are placed in the moft exadl: order that can 
poftible be conceived. A few of them, as feen b}^ tlie microfeope, 
are feen ditfig. 33, a,h,c,d. 

When this little part, cleared from the optic nerves within it, ivas 
place before the microfeope, all the furrounding objedls w-ere clearly 
to be feen through eacli of the fmall optical organs I have been de¬ 
fer! bing, though w^onderfLilly diminutive ; for the great tow'er or 
fteeple of our new church in Delft, wdiich is three hundred feet 
high, and about feven hundred and fifty feet diftant from my hoiife, 
wdien view^ed through any one of thefe optical organs, appeared no 
larger than the point of a fmall needle feen by the naked eye: and 
from hence may eafily be colledled how minute the optic nerves muft 
appear to me. 

Now, if w^e confider that a Silk-w^orm, within the fpace of eight 
or nine days, fliall not only have fpiin its w^eb, cone, or ball, Eat 
alfo fliall be changed into an aurelia or chryfalis, and that in the 
fimie fpace of time, not only its eyes but all the members pertaining 
to it as a flying infedf fliall be formed, who can avoid being ftruck 
with amazement at all thefe wonders in one Silk-W'orm ? And yet, 
how little do w-e difcover in comparifon of thofe things wdiich now 
^ire and for ever wall be hidden from our figlit.^ the wdiole of wdiich I 
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am fully perfuaded no one will ever be able to dive into, and to ex¬ 
plain their caufes and elFedfs. 

If we examine the wings of this creature by the microfcope, we 
fliall find them covered with an incredible number of feathers, of 
of fuch various forms, that if an hundred or more of them were to 
be feen lying together, each would appear of y different fliape. To 
fhew more clearly this wonderful objedl, I caufed eight different fea¬ 
thers to be delineated, for I do not remember that 1 ever faw them of 
fo curious a make in any other flying infedf. Thefe feathers are 
fliewn.at/^34., ABCDEFGHIK.LMNO, and the letters AC EG 
ILN, denote their quills which were fixed in the membrane or fkin 
of the wing. 

Although the microfcope by which thefe feathers were drawn, re- 
prefented objedfs very diflindfly, the limner could not, through it, 
fee the breaks or ribs in each feather, until I pointed them out to 
him. Therefore I put into his liands a microfcope which magni¬ 
fied objedfs almoft as much as that by which the Silk^worm's 
thread was drawn, defiring him to give the figure of that feather 
which through it he could fee the moft diftindfly. This is done at 
S5’ PQ hi which plainly appear a great number of ftreaks or 
parts like ribs, which give ftrength to the feather, and in fome of 
thefe feathers, where they fpread very wide^ as at the part marked 
R, I have counted as many as thirty of thefe breaks, and if we con- 
fider that every feather is nourilhed through the quill which is pic¬ 
tured at P, how many and how various mub be the veflels in this- 
quill ? 

After tliis, I wiped off the feathers from a part of one of the wings, 
that I might difcover how clofe. they were placed together, and 1 
found that they were about an hair’s breadth afunder. And if, as 
a certain writer aiTerts, 640 hairs breadths are equal to one inch, we 
may demonbratively conclude, that the four wings of this infedfare 
covered with more than four hundred thoufand feathers, for tlie fur- 
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fiice of all the wings when laid fide by fide takes up almoft three 
quarters of a fqiiare inch; and, as each wing is covered on both fides 
with feathers, this makes the fpace of an inch and an half fqiiare. To 
which if we add, that the body and legs of this butterfly are covered 
with as many feathers as are on the wings, the number of feathers 
above enumerated will be doubled, 

I then examined the honey parts which give ftrength and hiffnefs 
to thefe wings, and I faw more plainly that in other flying infers 
the crooked or twifted veins within them. A very fmall portion of 
one of thefe boney parts is fliewn at36, ABCDEF, within 
which is feen that twifted vein, and where the bone is divided into 
two parts, the vein is the fame. In the fame figure, at ABH, is re- 
prefented a fmall part of the membrane or fkin of the wing ftripped 
of its feathers. The dots in it indicate the cavities wherein the quills 
of the feathers had been fixed. 

It is alfo a pleafant objedl to behold the ciirioufly formed claws in 
each of the fhort feet of the Silk-worm, and which are fhed or put oft’ 
with the ftvin at the animars change into an aurelia, one of thefe is 
fhewn at pg. 37, I K L, and when changed into a flying infect or 
butterfly each foot is furniflied with two nails or claws, with which 
it very ftrongly clings to every thing it touches. Thefe nails or 
claws are fhewn 2it fg. 38, MNO. 

To clofe this fubjed; feeing that the Silk-worm, in its change, 
only puts off the fkins of its feet, and that, in the fame places where, 
while a w^orm, it had very fliort feet; it is, when a butterfly, fur- 
niflied with legs, covered with numbers of feathers, and armed with 
nails or claws as before defcribed, the metamorphofis or change of 
this creature muft feem almoft incredible, and cannot but excite in 
ns the greateft admiration. 




On the 7iature of the fcales of Fi/Ijes, and how the age of tfjofe Ani^ 
tnals may he deterniined by obfervaiion of the fcales; The Author s 
reafo7iings a7id opinion refpedfing the Lo7igevity of this part of the 
Animal Creation. 


It is the opinion of the Jews that they are forbidden by their law 
to ufe the Eel as food, becaufe that Fifli is faid to be without fcales ; 
and in the book of Deuteronomy, Chap. xiv. v. lo. it is written, 
“ whatfoever hath not fins and fcales, ye may not eat, it is unclean 
unto you and in Leviticus, xi. v. 12 , are thefe words, (which they 
apply to the fame fpecies of Fifli,) “whatfoever hath no fins nor 
“ fcales in the waters, that fhall be an abomination unto you. 

But when I examined this kind of Fifh, by the microfcope, after 
I had cleared away that vifcous or flimy matter which adheres to 
them, I found their fkins to be as completely covered with fcales as 
thofe of any other river Fifli, which fcales (though very fmall and 
thin) lie as clofe together and are placed one on another in as regu¬ 
lar order as can be obferved in any other Fifh whatever, whether of 
frefh or fait water. Moreover, this fpecies of Fifh is provided with 
fins eqtially as others, namely, one at the head, and one above, 
and another below, the tail; and becaufe I apprehend that this difco- 
very of mine is new, at leaf; to perfons of the Jewifli nation, (for to 
tliis day they deem this delicate Fifh to be unclean, and hold it as an 
abomination to tlicm,) i determined to give a figure of one of thefe 
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fcalcs, (taken from the belly of the Fifli, where they are the fmaUeft,) 
as it appeared through the niicrofcope. 

Plate IIL 1, ABCD, exhibits this feale ; it was taken from the 
belly of a large Eel, whicli, next the head was of the thicknefs of 
feven fingers or thereabouts : on the back and Tides of this Fifli the 
Tcales are larger. The greateft part of this feale, ADC was covered 
by two others. The part B, was placed towards the tail, and in this 
pofition were all the fcales ; they were all principally compoled of 
a kind of globules or little balls, which globules in many places ex- 
hibited an appearance, as if they were covered with a cobweb, which 
by reafon of its exceflive finenefs, could not be exprefled in the draw¬ 
ing.* In thefe fcales the globules compoflng them were very tranf- 
parent, though fome more than others; again, Tome had in them a 
dark fpot. Thefe opaque globules lying in rows contiguous to each 
other, produced the appearance of divers circles or rings on the face 
of the feale. And although I did not obferve thefe fcales to be ex- 
ablly alike, yet the circles or rings feemed to me to be of the fame 
number in all of them, whence I was led to conclude, that the feale 
had been every year augmented by the addition of one circle, and 
confequently, that, as there were feven circles in this feale, this Eel 
was probably feven years old. Thefe circles are marked in fg. i, by 
the letters EFGHIKL, and at X the feale is reprefented of the 
fame fize as it appeared to the naked eye. 

Having examined the fcales on the body of a very large Eel, I 
perceived that thofe on the back and belly of tlie Filh v/ere placed in 
regular and even courfes behind each other, but that thofe between 
the back and the belly were many of them laid obliquely, fome 
towards the belly and others towards the back, but all fo difpofed 
as to cover the fkin exa 6 tly in every part. 

* This appearance feems to have been afterwards more fully inveftigated by the Author, 
and explained by a drawing, as will appear in the following pages. 
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# After this, I examined the matter or fnbftance with which thefe 
fcales are covered, which, as well as the fcales, has been generally 
deemed nothing more than flime, and is bv moll perfons thought 
to be an excrementitioiis matter, adhering to this fpecies of Filh ; 
but I am now convinced by experience, and the cleared ocular 
demonllration, that this fuppofed flime does not collebl on tlie 
animahs body from without, but is really part of the body itl’elf; 
forafmuch as this fubftance, although it appears to the naked 
eye, and very often through the microfcope no oiherwife than like 
a cryftalline or pellucid humour or fubftance, yet in fabl it is no 
other than a congeries or colledfion of veins or vellels, wliich in their 
exquifite finenefs or flendernefs do almofl: exceed belief, fpreading 
themfelves one among another in fuch an incomprehenfible and 
immenfe number of branches, that I could not contemplate them 
without the greatefl admiration. Indeed, many were lb thin and 
flender, that I could not difcover them without the mod careful 
attention, and I thought it probable that there might be others dill 
more minute, fo as entirely to efcape the fight. Such of tlicfe 
vedels as I could didindlly perceive, I judged to be fo fmall 
(meafuring them by my eye) that if one of the globules-')^ of blood 
from whence its rednefs proceeds, were to be divided into a thou- 
fand parts, not one of thofe parts could pafs through thefe wonder¬ 
fully thin and dender vedels. 

From thefe obfervations I concluded, that this fubdance only 
anfwers the purpofe of a membrane or fkin lying next to the fcales, 
and that, when an Eel is creeping through a narrow padage or hole, 

* Thefe obfervations of the Author on the Eel appear to have been written pofterior to 
the time when he publifhed the preceding ones, and it ftiould feem, that what he before 
defcribes to be an appearance like a cobweb adhering to the fcales, is the efFedl of the veflels 
here defcribed. 

' f The author’s computation of the ftze of a globule of blood, will be found in another place, 
where he treats of that fubjedl. 
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a part of this membrane or cuticle, which wc call nime, is rubbed 
off in the panage; and that wlien Eels are kept in any kind of vellel 
vvithout water, and in tlieir motion wear off this cuticle, they can¬ 
not long furvive; and upon my talking over this lubje^l with a 
Fifli-monger, who was a very intelligent man in his biffinefs, he con¬ 
firmed all tliat I have here mentioned. 

Further, I imagined that this cuticle or (kin fo covering the fcales- 
of Eels, and in fome fort proceeding from the fcales themfelves, 
and the veflels which in a great meafure com poke that flcin which 
we imagine to be flime, extend fo far and wide, that the velTels pro¬ 
ceeding from one fcale fpread over more than twenty-five others,, 
and that this is the reafon wdiy this filmy matter covering the fcales 
is fo thick and tough. 

But, not yet fatisBed with thefe obfervations, I endeavoured to 
find out the veflels in the fcales from whence thefe fiimy excremen- 
titious veflels were formed, and in order to exhibit more plainly the* 
rough or WTinkled make of the fcales, I have caufed an exceeding 
fmall particle of one to be delineated, the appearance of which, by 
the microfeope, w^as that of a lucid or bright cryftal, both wdthin and 
Avithout. This is fhewm in fig. 2, I K L M, wherin the fide I M, re- 
prefents that part which w^as fixed or rooted in the Fifii, being about 
the length of tw^o common grains of land. I have fometimes divi¬ 
ded the fcales of this Fifh into fmall parts, and I always found that 
though the wrinkles in them appeared very pellucid, they were com- 
pofed of nothing but thofe inconceivably fiender ftreaks, or rather 
veflels, mixed and twilled one within another, as is in fome fort re- 
prefented in this figure by the letters K L N. 

Some years after the preceding obfervations were publifhed, I 
received from a perfon of fome note in this city, a parcel of fcales 
taken from a very large Carp which had been kept in his Fifii-pond, 
and was fo tame that it w^oiild take food out of a perfon's Iiand, 
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But in tlie time of a fevere frolt, the gardener being employed in 
breaking the ice with an hatchet, to give frefh air to the Filh in tlie 
pond, this Carp came to the hole, and unfortunately received a 
wound from the hatchet, which occafioned its deadi. This Filh was- 
in length 42^ inches, and in circumference at the thickefi part of its- 
body ii^ches. 

In order more eaiily to cut one of thefe fcales in pieces, I fteeped 
it in wa.rm water, and then I cut off a flice from it, palling tlirougli 
that part v/here the firff formation of the fcale appeared, which origi¬ 
nal fcale v/as very minute, and I then obferved forty rows of fcales 
lying one on another, or in other words, this fmgle fcale was a cluf- 
ter of forty other fcales lying one on another. For every year a new 
fcale fomewhat larger than, that immediately preceding it, is added 
to the niunber, and is as it were glued to the former ones; therefore 
as many of thefe fcales as are found thus joined together, fo many 
are the years of the Fifli s age. This affertion of mine is however 
violently contradidled, becaufe many people think that I cannot by 
any means prove what I affirm. 

I determined therefore, to cut off a flice from this fcale very ob¬ 
liquely, whereby the rows of the component fcales might be more 
clearly difeerned, and 1 caufed a drawing of this to be made from 
the microfeope, which is Iliewn at 3, A B C D ; the part reaching 
from A to B, or from D to C denotes the difference in fize by which 
each newly-formed fcale exceeds that of the preceding year, the 
whole thicknefs of the fcale as it appeared through the microfeope,, 
is the fpace between B and C, but in fa<ff, the real thicknefs, as feen 
by the naked eye, is no more than that of an hog's briftle. 

Another piece of the fame fcale, cut ftiil more obliquely, I placed 
before another microfeope, a drawing of which is given at fg. 4, 
E F G H. The fpace between E and F is the thicknefs of the fcale, 
and as majiy divifions or rows as are there pi 61 :ured, fo many of the 
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imall component fca'es lie heaped one on another, (at leaft as far as 
tlie limner was able to obferve them) and fo many years had elap- 
fed between the formation of the firfi fcale, and all the others which 
were added to it. 

This cutting or flicing off” pieces from the fcales, does not fuccced 
equally well in all, for fometimes their thinnefs caufes it to fail, but 
if the extremity of each fcale can but be perceived, the age of the 
Filh may be gathered from it with little danger of mihake. In order 
to (hew this irregular kind of fedlion, I caufed a fmall piece of that 
defeription ' to be drawn from the microfeope, and this is fliewn in 
fg. 5, I K L M; here the additional fcales produced every year, 
fometimes appear of a darker fhade than they are in reality, and 
therefore the yearly increafe in fize feems reprefented at I O and 
M O, but the addition of three years' growth appears at I O K. At 
jig, 6, between P and Q, is fliewn the natural fize of the flice or 
piece of fcale reprefented when magnified, at/^\ 4. 

Since we now find, that the fcales of Fiflies are every year aug¬ 
mented in the way I have been deferibing, we may form a pretty 
good judgment as to the time when this augmentation is made by 
analogy to what we obferve in the other produdlions of nature, and 
thence we fhall conclude that the additional fcales are compleated at 
that feafon, when the further growth ceafes. For this is evident in 
trees, at leaft fuch as grow in thefe regions. The like alfo is the 
cafe in regard to cows, for between certain fpaces of time, when 
their growth is intermitted or ceafes and when it again returns, it is 
(hewn in the horns, whence we gather that as many knots or rings 
as are found on the cow's horn, fo many years of age is the animal. 

And, though this may not appear exadlly in the fame manner in 
all creatures, yet we muft allow, that fuch a diftinguifliing circuni- 
ftance exifts, and this is proved in the falling off of the hair from ani¬ 
mals, and the fhedding of feathers by birds, at certain regular periods. 
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I have often confidered with myfelf, refpechng the longevity of 
Fifhes, and I am perfuaded that in deep and extenfive waters, and in 
running ftreams, where the water does not corrupt or putrefy, 
they are not liable to any difeafes, nor ever die of old age. Such 
wounds as a Filh may receive, either by fwallowing the hook baited 
to catch it, and which, being broken oh’ and remaining in the 
Ifomach, may caufe an exulceration ; or by devouring fome lubltance 
which it cannot digefl, are not to be deemed difeal'es, but accidents. 
Now, terreflrial animals, through great fatigue, heat, cold, hunger 
or third, may eafily fall into didempers and die, but to thofe acci¬ 
dents Fifhes are feldom or never fubjebt, 

Firft, as to fatigue, this in Fifhes cannot be great, becaufe their 
chief exercife confids in the larger purfuing the fmaller, in qiieft of 
them for food ; or in the flight of the fmaller ones from the larger ; 
and in thefe exertions the fine juices of their blood can in no degree, 
or at lead but very little, be exhauded; becaufe in fuch kind of pur- 
fuit or flight, no evaporation can be produced from their bodies 
through heat or drynefs; befides, they never want for drink, by 
which means their blood, and the other juices of their bodies are 
kept continually diluted, fo that the circulation is condantly pre- 
ferved. 

No one can pretend to fay tliat a Fifh is ever killed by heat, for 
many kinds of fifh, in the middle of fummer, and in the burning heat 
of the fun, do either play, as it were, on the furface of the water ; 
or hide themfelves under the leaves, weeds, or other fubdanccs at 
the bottom. 

As to cold, we do not know that Fifli in deep waters ever perifli 
with cold ; but we know by experience, that at fuch feafons they 
feek the bottom of the water. 

As to food, they are not eafily killed by hunger ; many Fifhes live 
for five or fix months fpace without any other fupport than what they 
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receive from the watei% or rather from the imall particles in it, which 
are by us commonly confidered as part of the water only ; in fuch a 
fituation indeed, they increafe little or nothing in fize, but rather, if 
they were before fat and plump, they will fall away. 

I am alfo perfuaded, that all Filhes which have a conhant fupply 
of food, do daily increafe in fize, and this without ever ceafing to 
grow, lb that any real definite fize cannot be afhgned to them, as 
it can to terreftrial animals, fome of which arrive fooner, and others 
later, to their full and perfea flature, which they never afterwards 
exceed, altlioiigh they continue to live many years. The reafon of 
which, I am convinced is this, that terreftrial animals continue grow¬ 
ing as long as their nutritive juices have force fufficient to protrude or 
thruft themfelves through the cavities of the bones, and fo to increafe 
the fize of them, as well in length as in thicknefs. But when the 
bones of thefe animals, by being expofed to the air, are become fo 
rigid and hard, that they cannot be any more diftended, their far¬ 
ther growth mu ft ncceflarily ceafe, and any frefli fupplies of nutri¬ 
tive juices can only tend to increafe the animal’s fatnefs. But the 
bones of Fifhes are for the moft part deftitute of marrow, and they 
cannot be rendered rigid by expofure to the air, confequently the 
very fmall tubuli or pipes of which they are compofed, are exceed¬ 
ingly foft in comparifon with thofe of other animals. All which con¬ 
fidered, there feems no reafon to exift, why tlie bones of Fifhes 
fhould not continue always growing, fo long as the animals do not 
want for food. 

In the lakes with us, where are many Fiflieries, Pike have been 
caught of the length of 56 inches, and g 6 or 38 pounds weight. 
Pearch alfo 28 inches long ; and who can tell to what fize thefe 
Filhes might have arrived, if they could have longer efcaped the 
nets; 




The Author s refutation of the doctrine of equivocal or fpontaneous ge^ 
neration in the inflance of the Sea~MufcIe, zvith a particular defcrip^ 
tion of that fpecies of Fijh. 


I HAVE been informed, that a book is publiflied at Rome, by a 
learned Jefuit, named Philippo Bonanni, wherein he maintains, that 
animalcules, or fmall living creatures, can be produced out of in¬ 
animate fub fiances, fuch as mud orfand,by fpontaneous generation, 
according to the dodlrine of Ariflotle ; and it feems that this learned 
gentleman is himfelf very defirous to fee my obfervations on thefub- 
jecl. I fhall therefore proceed to confider Signor Bonanni's pofitions, 
and I doubt not, that upon inveftigation, they will be found of no 
weight or fubflance, but will vanifli like fmoke or vapour. 

We will admit, that out of the mud or fand which is found on the 
fea-fliore, or the beds of our rivers, at low water, fhell-fifli or tef- 
taceous animals come forth ; but it does not from thence by any 
means follow, that they are produced without any regular courfe of 
generation. 

Among the mud, in the creeks or fliallows of our fea coafls, are 
taken great quantities of that fliell-filh, called Mufcles, which are 
ufed by us as an article of food ; and, as I had in the autumn been 
employing myfelf in obfervations upon this fpecies of fiOi, I applied 
to a filherman who made it his bufmefs to catch Muicles, and quef- 
tioned him as to what his opinion tvas, with regard to the propaga¬ 
tion of that fifh. 
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This fiflierman, who was a very intelligent man, and of good 
eflhv.ation in his profeflion, and had been brought up to it from his 
youth, informed me, that he had often experienced, that in the fame 
tract of coaft w^here he had found for feveral years fucceffively very 
good Mufcles, and in great abundance, yet afterwards in or about the 
fame })lace, very few or none w^ere to be got; for which he alTigned 
thefe reafons : 

At the time of the Mufcles laying their eggs or fpawn, which 
lafls but for a fhort feafon, this fpawn, by flrong tides and heavy gales 
of wind, will be carried from the places where it is depofited, and 
when the water becomes ftill and calm, it will fink to the bottom, or 
adhere to the weeds growing there ; and then in the fpace of two or 
three years, a good and plenteous Mufcle-bank will be formed in the 
place ; adding, that by this means Mufcles are taken where none were 
ever found before, and Mufcle-banks formed of very great extent, 
the fpawn laid by the Mufcles being in fuch abundance, as to make 
the fea-water appear of a white colour/' 

If then, at the feafon when the Mufcles depofit their eggs or 
fpawn, we take up a quantity of the mud or fandy matter from the 
Ihore, and keep it covered with water, we need not wonder if vve 
find Mufcles or other fliell-fifli produced from thence ; but if we 
imagine that this comes to pafs by any other means than the ordi¬ 
nary courfe of generation, we fhali therein deceive ourfelves. And 
for my part, I hold it equally impoffible for a Imall fhell-fifh to be 
produced without generation, as for a whale to have its origin from 
the mud. 

The eggs or fpawn of Mufcles, and other fliell-fifli, being carried 
along with the fea-w^ater to the fides of fliips lying in harbours, will 
adhere to them, and become flrell-fifli, by which means thofe fhips in 
their voyages to other countries, will introduce luch kinds of fliell- 
hfh as were before unknown in thofe parts. 

But how can it be conceived that living creatures can proceed from 
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fan 3 , or obtain any nourifhment from thence ? for there is no other 
difference between tlie grains of fand, and tlie beach-ftones on tlie 
fea-fliore, than that the one are larger tlian the others ; and, as in¬ 
capable as glafs is of affording fupport to any living creature, fo is it 
impoffible for any nourifliment to be found in fand. 

If it were poffible for the mere fand on the fliore to produce fliell- 
fifli, how much would our coafts abound with them, and not with 
them only, but alfo with all other forts of lilh ; for the fiat-filh feed 
on thefe fmall fhell-filh, and thereby become very fat and good ; and 
fo does alfo the whiting. 

The chief reafon, in my opinion, why we do not find fhell-fifli in 
equal plenty, at all times, is, that the ftrong north-wefl winds blow¬ 
ing diredtly on our coaft, do fo ftir up the fand and muddy bottom on 
the fliore, that the flieli-fifh are thereby overwhelmed and buried, 
and fo perifh. 

During the laft five or fix years, we have not had any great florms 
from that quarter, and we have for thefe lafi: three or four years fuc- 
ceffively, had fuch excellent flat-fifli, cfpecially flounders, that no 
one remembers to have feen the like ; the reafon for which I have 
already affigned, namely, that the fhell-fifh during that fpace of time, 
multiplied exceedingly, affording plenty of food for fattening the fiat- 
fifhes. And this is alfo proved by experience ; for whenever flounders 
are in perfedlion, their ftomachs and bowels are found to be full of 
fragments of fmall fliells. And, upon refledfing with myfelf as to 
the caufe of thefe fmall fhells being fo broken into fragments, I could 
not affign any other reafon than the following: 

The flounder, foie, turbot, and other flat-lifh, are formed by na¬ 
ture with their mouths diftorted and in a different pofition from that 
of moft other fidies ; and this formation feems to be, for enabling 
them to pick up their food from the bottom of the fea, and not to go 
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in chafe : -nd I v. .-cive that thefe fiat-fifh, when pick¬ 
ing up the iiua:: J./ ; b:'e .k their Ihells to pieces in their 

mouths (which leeiTi C; r.:- -o be formed principally for that purpofe) 
and then fwallow them reje('l:ing tlioie fliells which are too hard for 
them to break, for v. nidi reafoii we never find any very hard or 
large pieces of fliells in their ftomachs ; and it is not in the power of 
the flat fiih to feparate thefe fmaller ones from their fliells, becaufe 
they are all, as far as I have ever obferved, clofely united to them by 
ligaments or tendons, and always keep their fliells clofely fliut. 

I have enquired of thofe Fiikermen, whom 1 thought men of rc- 
fledlion, what could bethereafon why fome years ago cur flounders 
were very indifferent, and for thefe laid three or four years fo exceed¬ 
ing good; for which they could not afllgn to me any reafon ; but 
when I laid before them my fentiments refpehding thefe fifli being 
fattened by feeding on the fmall fliell-fifh, they were furprifed there¬ 
at, and added, that this might very probably be the cafe. But upon 
coiiverfing wath tvro principal merchants wdio fend out fifhing-veflels, 
they not only agreed with me in my opinion, as before related, but 
alfo in the following, namely, that not only the flat-ffh feed fo much 
on the fmall fliell-fifli, but the whiting is fo abundantly nouriflied by 
them, that in the fummer-time its flefb becomes hard and tough ; for 
this reafon, at the time when the fhell-fifh abound on our fhores, the 
whiting reforts thither in quefl; of them, and this latter is followed by 
the cod-fifli, which preys on thewdiiting. In fliort, I conclude that 
the plenty of fifli found on our coaft, proceeds from this caufe only, 
the great quantities of fliell-fifli which every year breed there. 

Towards the end of the month of February, being the ffrfl time in 
the fpring that Mufcles w^ere brought to our city for fale, I caufed 
fome of them to be bought, in order to make my obfervations there¬ 
on : I found thefe to be very lean, and for a long time my fearch 
after their fpawm was fruitlefs, though I could not think that the 
time was pafl for their depofiting it. 
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Upon examining that part of the Mufcle which is called the beard, 

I not only found it of a wonderful make, but the motion I law in the 
fmall component parts of it was fo incredibly great, that I could not 
be fatisfied with the fpedacle; and it is not in the mind of man to 
conceive all the motions which I beheld within the compafs of a grain 
of fand. 

When I obferved the large and ftrong tendons or finews in the 
Mufcle, which are fixed to the fhell, and thofe which lie in the fame 
order and pofition as the ribs in a terrefirial animal, I thought that 
we cannot I'lifficiently admire the wonderful make of this filh ; and 
that if we could obtain an infight into all thole parts which we fee 
in one of them, and could we affign their feveral ufes, and give them 
names, and alfo make drawings of them, 1 doubt not that wc Ihould 
admire fo elaborate and curious a work, beyond many others of 
nature's produ6lions ; and that thofe perfons who now afiert that 
fliell-fifhes (among which the Mufcle is in leaf!: efiiination) are pro¬ 
duced fpontaneoufly, or of theinfelves, would renounce their opi¬ 
nions, and embrace the truth, namely, that fo perfe6l a creature can¬ 
not be produced from corruption, congealed water, or mud, but can 
only be generated by parents of its own fpecies. 

I obferved that every Mufcle was provided with a kind of firing 
or ligament, which, at a little diftance from the filh, was divided 
into 8, lo, 12, 15, and even 20 other ligaments of dilFerent lengths; 
and witli thefe ligaments, I obferved, that the Mufcles faftened them- 
felves to other Mufcles, and alfo to pieces of fiiells, and to Ihell-fifii 
of otlier fpecies. 

I was defirous to know' how this fafiening was effedfed, and 
which I immediately difcovered ; for I faw, to my great furprife, 
that the extremity of every ligament w'as provided with a thin flat 
membrane or flcin, of a roundifii lhape, wiiich was as firmly fixed to 
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tlic fliell on which it was placed (the ligament being in the middle of 
it,) as if it were glued to the fhell; and when I endeavoured to pull 
off the ligament, I found, by feveral trials, that (though it was very 
flrong and tough, in proportion to its fize) it would break before the 
fiat thin membrane could be loofened. 

Hereupon I recolledled, that when a boy, I had often amufedmy- 
felf with a play-thing which we called ^ een Treck-leertje/' This 
is afmall round piece of leather, about tv^o inches in diameter, hav¬ 
ing a fmall hole in the middle, through which was drawn a pack- 
thread, with a knot at the end. This leather being firft foaked in 
water, was placed flat on a ftone, and with this we could not only 
lift up the ffone, but carry it to fome diffance. 

Now, upon the fame principle as the Rone adheres to the leather, 
partly by the preffure of the atmofphere, and partly becaufe no air 
or water can gain admittance between the ftone and the leather, 
the like efte6l is produced in the cohefion or fticking of the membrane 
I have been defcribing. 

I have thought it proper to give a drawing of tlie ligament before- 
mentioned, and its feveral branches : and in Rl^ielll. fig. 8, is fliewn 
a part of it, which is cut off at A in the part which comes out of the 
fhell; this in fig.J, is fhewn at BE of its natural fize. In fig, 8, 
F G HIK are feen the ramifications or branches, or rather a fmall part 
of them; and at L M is fhewn one of the fhort ligaments, with its 
membrane NOP, the ligament here appears on the upper fide of tlie 
membrane, in like manner as if the latter w^as fixed to fome other 
fhell; and here are to be feen the many parts wdiereby the ligament 
is joined to the membrane, which latter alfo appears fomewdiat ele¬ 
vated at the place of joining, 

* That is, in Englifli, a pulling or drawing-leather j it is a common play-thing among boys 
in England, and is called by them a fucker. 
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At O R is reprefenled another ligament, and at S T V its mem¬ 
brane, with llie concave part of it, appearing open, being in a con¬ 
trary pofition to the former reprefentation. I have often feen this 
cavity reacli into the ligament as far as M or R, but otherwife it is 
quite clofe and compa6't. 

Each of thefe ligaments confills of a great number of exceffively 
fmall particles, which cannot be contemplated without the greateft 
admiration, efpecially when we recollebt the power which the Muf- 
cle has of moving each, of thefe ligaments, and alfo that the mem¬ 
brane mull be placed quite fmooth and flat upon the fhell, to whicli 
it is fixed, in order to caufe it firmly to adhere thereto. 

Now, if we farther confider that Mufcles, while in the fea, always 
lie with that fhell upwards which they open occafionally, and that 
their fliells (which are very thin) and their bodies together are but 
little heavier than the water wherein they live, and allb that many 
of them at low ebb-tides are left deftitute of water, at which times, 
in my opinion, much air miift infinuate itfelf between their Ihells, by 
which means they become lighter than the water; they would then 
be liable either with the ebb to be carried out into the deep, or by 
tlie flood to be thrown upon the land, and fo would perilh. But 
provident Nature has taken care to preferve them in this refpedt, 
by furnifliing them with a ligament, fpreading into various branches, 
and at the end of each branch an organ, which I have named a mem¬ 
brane, by the help of which the Mufcles can fix themfelves either 
to empty fhells, or other I’ubfiances, or to one another, by which 
means they are preferved. 

But as my principal defign was to difcover, as far as poflible, the 
generation, or procreation, of thefe fifli, I come now to that part of 
the fubjedf. 

I obferved, that thefe Mufcles, fome in a greater, and others in a 
lefs . degree, had the outfides of their Ihells covered with a kind of 
fubfiance, thinly fpread upon the Ihell, and firmly adhering to it, or 
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rather to the membrane which covered it. Obferving this by tlie mi- 
crofcope, 1 faw that the particles of which it confifted, were all of a 
limilar form, and alfo placed fide by fide, in regular order, and the 
membranes or Ikins of thefe particles, as it were, united, or clofely 
joined together. I feparated a part of this fubftance from the fiieil 
and placing it before the microfcope, I found that all the regularly 
difpofed particles were much longer than they were broad, alfo that 
one of their edges was roundifli and thick, the other terminating in 
a point or edge, and moreover that in many of them one fide was 
rifing, and the other flat; in a word, many of thefe particles, in 
ihape, were very like a Mufcle; and I not only thought that they 
were the eggs or fpawn of the Mufcle, but I alfo obferved, that when 
I broke the ftrong membranes inclofing them, feveral of the eggs, 
which were in fbape like a Mufcle, appeared lying fingly and feparte- 
ly on the outfide of that membrane ; and when I feparated thefe un¬ 
formed Mufcles fingly, one from another, I imagined that I could 
fee the membranes or tendons of which they were compofed. 

I alfo faw the fliells, membranes, or coverings of feveral eggs 
which were empty, and which I faw, or more properly fpeaking, 
imagined to be barren eggs. In other parts of this fubflance I faw 
eggs wherein I concluded that there were unformed Mulcles, which 
concliifion I gathered from the multitude of veflels which I faw, 
which velTels conftituted the Ihape or figure of a Mufcle. 

Thefe eggs were not larger than a grain of common fcoweriirr- 
fand. ° 

Moreover, I obferved, that the fmall or taper ends of the fliells 
were feldom or never covered with the fpawn or eggs, the reafon of 
which I took to be, that at the time the Mufcles emit their fpawn, 
they lie with the flat and broad part, as fliewn at/g. 7, A BCD, 
iippermoft, and that part marked with the letter A, next the ground, 
,or bottom; for I have often obferved that when Mufcles have 
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been cleaned and put into a veiTel of water, and an handful of fait 
thrown upon them, many will be foon found placed in the pofition 
I have mentioned ; and while they lie in this pofition, and the eggs 
are put forth from the part marked C D, there mutt neceHarily be 
more eggs lodged near tliat fpot, than towards the farther end of the 
fhell. 

Several of thefe Mufcles I placed in my ftudy, in two glafles of 
water, with fome fait fprinkled on them, in order to examine them 
daily, and fee the progrefs of growth in the young ones ; and upon 
this occafion, I could not fufficiently admire the exadt and regular 
order in which the eggs were in many places difpofed, jufl as if they 
had been fo placed by men's hands ; and from hence I was convinced 
that Mufcles do not, like many other fiflies, lay their eggs promif- 
cuoufly, but that they muft be furnidied with fome kind of organ, 
which they can proje( 5 l beyond the fhell, and with it difpofe them fo 
regularly. 

I have before faid, that I thought I faw a kind of finews or tendons 
in the eggs ; and upon further examination, I perceived fixteen of 
thefe tendons, like breaks, in the unformed Mufcle, and among 
them I faw^ fome bill fmaller breaks, from whence I concluded, that 
they were in fa 61 :, veflels to form the fubbance of the future biell, for 
they lay all in one dire6lion, that is, from the fmall end, fpreading 
or diverging round about; and they were thickeb at that part, and 
thinneb at the extremities, fpreading wider towards the broad and 
thin end of the btell; I caufed a drawing to be made of a few of the 
eggs, in the order they lay on the parent biell, and as they appeared 
through the microfcope ; this is fhewn at/^. g, ABCDE, rcprefent- 
ing eight of them, in fome of which it may be leen that one lide is 
more curved than the other, and in which eggs may alfo befeen the 
finews, vebels, or breaks I have mentioned. 

Upon confidering that the lobber and the birimp carry their eggs 
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about them until the young are perfectly formed, it feems probable 
to me, that this is alfo the cafe with the Mufcle, for otherwife, how 
could this fpecies of fifli be propagated ? efpecially if we confider that 
they lay their eggs in the middle of winter, and are generally in 
Ihallow waters, where the £hore is muddy ; and if the eggs were not 
depofited on the fhells, they would be buried in the mud, with the 
common flux and reflux of the tide: not to mention that in flormy 
weather they would be carried out to fea ; but while they are fixed 
to the fhells of the parent, and thefe laft adhering to folid fubftances 
on the fliore, the eggs are, by this means, in great numbers, pre- 
ferved; and thefe young Miifcles, when come to fuch maturity as 
to be feparated from the fhells, may, in windy weather, ftrong tides 
or currents, be eafily carried to other muddy fhores on the coaft, in 
places where for many years before no Mufcles were to be found. 

I have made a rough calculation of the numbers of thefe eggs, and 
I compute that there are frequently more than two thoufand fixed to 
the fhell of one Mufcle; in fa6l, I have feen Mufcles, each of which 
I judged had more than three thoufand on it. 

I have before faid, that the eggs of Mufcles are the fize of com¬ 
mon fcowering-fand, but as this is not of the fame fize in all coun¬ 
tries, I compute that, to the beft of my judgment, feven of thefe 
eggs, in breadth, are equal to the fifteenth part of an inch, confe- 
quently the breadth of 105 eggs, is equal to one inch ; and I alfo 
compute, that fixty eggs, in length, make an inch; therefore a 
fqiiare inch will contain 6 gco ; and as each egg is no thicker than 
broad, 105 of them muft lie one on another to make the thicknefs of 
an inch ; the fum total then of the eggs which will be contained with¬ 
in the fpace of a cubic inch, is 661,500 ; and hundreds of fuch eggs 
may lie under fhells, fand, or mud, without being perceived, and yet 
Mufcles be produced from them. 

Having taken fome of the unformed Mufcles out of the eggs, I 
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caufed a drawing to be made of their figure, as near as tlie Engraver 
was able to imitate it; this is Ihewn at fg\ lo, FG, wdiich repre- 
fents fuch an unformed Mufcle, inclofed in its membrane, or cover¬ 
ing, in wliich the flreaks before-mentioned, did not appear, until the 
greateft part of the moifhire thereof, w'as evaporated. Fig. ii, 
HI K, fliews another of them, the flreaks, or velTels in which, be¬ 
tween I and K, appeared feparated, or fundered from each other; 
and this was done in the taking it out of the egg, being in that ope- 
ration deprived of the furrounding membrane, or fkin. 

At the latter end of April, when I had finifhed the preceding 
obfervations, I received a large jar full of Mufcles out of Zealand; 
upon examination of wFich, I was much furprifed to fee that mofl 
of the fhells were quite fmooth and poliflied, being not only deflitute 
of eggs, but for the mofl part, bare of the membrane, wdiich gives 
them a blackifh colour, lb that they now" appeared of a lively blue ; 
how"ever, I found four or five with perfedl: eggs on them, and in them 
were young Mufcles ; fome of thefe I took out of the eggs, and now 
plainly faw, that wdiat I had at firfl taken for tlie unformed Mufcle, 
was, in fadf, only the ligament, or firing, whreby the young Mufcle 
was nourflied. A drawing of the real fliape, as it now appeared to 
me, is given at fg.\ 9 ., where GHI reprefents the ligaments of the 
unformed young Mufcle, and I K the Mufcle itfelf; another of them 
is reprefented at Jig. 13, where LM fhews the firings or ligaments, 
and M N the Mufcle; and this lafl figure, I think, exhibits the true 
form of the young Mufcle, as it lies in the egg ; and from thefe lafl 
obfervations it appears, that the parts reprefented in 10, at G, 
and in Jig. 11, atH, were only the fubflance, or matter, from whence 
the Mufcle would be formed, and which, at the time when that draw¬ 
ing was made, had not come to fufficient perfedlion to render tlie 
parts diflinguiniable. 

Now", fince we fee, that the eggs of Mufcles adhere fo long to tlie 
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fTiells of the parent, before they are perfe6lly formed, and alfo confi- 
der that during all that time they rauft be fupplied with nourifliment, 
we fhall not wonder that the parent Mufcles, during that time, do 
become lean, efpecially in the month of April, for then the young are 
moft ill need of fuftenance. 

We may alfo here obferve, that in our enquiries after any truth, 
and more efpecially in regard to the generation of fmall living crea¬ 
tures, which cannot be examined by the naked eye, we ought not to 
rely on any. tales that are told on thefe fubje6ls, but on our own ex¬ 
perience, and even that not lightly, but by long and unwearied 
trials and experiments, whereby to come at the truth. 

In the courfe of the laft obfervations, I examined that hard and 
variegated, or marbly-coloured part, lying in the middle of the 
Mufcle, which fome call the heart, and others take to be the tongue 
of this fifli ; and when, upon the Mufcle, I cut out this part, and 
placed it before the microfcope, I obferved fo tremulous or quiver¬ 
ing a motion in the furface, as if millions of little living creatures 
were running about upon it; befides another motion, which the part 
had to and fro. This part the Mufcle can extend fo far, that I think 
it will almoft reach all over the fhell, which made me think that, 
perhaps, by this organ, the eggs are placed on the fliellinthe regular 
order I have before defcribed. 



Of the Miifcle which is found infrefh water; a particular defcription of 
its internal formation, and of the manner in which its young are 
produced. 


I HAVE obferved, that when our navigable canals here in Holland, 
or our ditches are cleaned, a kind of large fidi are taken from the 
bottom, named by us, * Veen MofTelen,or Peat Mufcles. Of 
thefe I procured fome, which were about three or four inches long 
with very thin fliells. 

A countryman, whom I faw collecting thefe fhell fiih, told me 
they were to be found under the banks, and in the lhallow parts of 
the ditches, or canals, among the leaves and twigs, or other litter; 
and, indeed, I have feen them taken in thofe places; but as I was 
certain that thefe lhallow places were frozen to the bottom in the 
winter, which the fhell fifli could not furvive, I was told that they 
had a power of moving from place to place. 

To fatisfy myfelf, in this relpeCl, I made two experiments on 
thefe Mufcles, of which I put fix or eight into an earthen vellel, 
with a flat bottom, and poured on them Ibme of the fame water in 
which they were taken ; this veflel I placed in my ftiidy, and I found 
that in a few hours time, they had all changed their pofitions, and 
had approached nearer together, than they were when firfl placed in 
the veflel. 

* This word, Veen, ” means the Turf or Peat, which is dug up in great quantities in 
Holland, and is their principal article of fuel. Our author has a very ingenious diflertation 
on the origin of this fubftance, a tranflation of which will be found in its place.—Thefe frefh 
water Mufcles are found in the rivers in England. 
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And I obierved, that thefe Mufcles, about the middle of their 
ihells, thriifl out, through the opening, a flefliy fubftance, or organ, 
about two-third parts tlie length of the fliell; this part was about 
half an inch broad, and fliarp at the end; and in order to move 
tliemfelves from place to place, they thrufl this organ under their 
fhell, and applying it with a quick motion to the bottom of the place 
where they lay, could by this means not only change their pofture, 
but turn themfelves upfide down. 

At the end of the month of Auguft, upon opening fix of thefe 
Mufcles, I found many eggs within them, which were fo perfedf, 
that I could diftingiiilh the newly formed fliells, fo that they were 
not fo properly to be named eggs as unborn Peat-Mufcles. Two of 
the parent Mufcles were lb fmall, that I judged they were not above 
a year old, whereas the others were, in my opinion, fix, eight, or 
nine years old ; but the young Mufcles were of the fame fize in all 
of them. 

In the beginning of September, I procured about fifty more of 
thefe Mufcles, and upon opening twelve of them, I found two where¬ 
in the young ones feemed to be fo perfedl, tliat they would proba¬ 
bly foon be excluded from the parent. I always found that the eggs 
were firfl formed in the flefhy part of the Mufcle, but as they ad¬ 
vanced in growth, they were moved to that part which, in oyflers, 
is called the beard, and which, by the great number of the young 
Mufcles contained therein, then fwells in bulk. 

As there are many perfons who are unacquainted with this fpecies 
of Mufcle, and others who may wifii to invefligate the particulars of 
my obfervations, I have caufed the following drawings to be made : 

Fig. 14. G H 1 K L, fliews one of thefe frelh-water, or, as I call 
them, Peat-Mufcles, of the ordinary fize, which is opened fo as to 
leave the whole of the fifli lying in one of the fhells ; at H I K, is re- 
prefented the empty fliell, and at M M, the two tendons, or finews, 
by the help of which the fifli fhuts and opens the fhell ; and here it 
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is to be noted, that thefe fifhes, by reafon of tlie length of their 
fliells, are each provided with two of thofe tendons, or finews, where¬ 
as oyfters and falt-water Mufcles have only one. N O P is a thin 
membrane, or fkin, lying folded up, with which the whole infide of 
the empty fliell had been covered, or lined. 

O R S is one of the two receptacles wherein the eggs, as they ad¬ 
vance to maturity, are lodged, and which parts do then become fwol- 
len thereby, but at other times they are very thin ; thefe parts, in oy- 
flers, are called the beard; T V is the other of thefe receptacles, 
which, in oyhers, is alfo called the beard; and in thefe receptacles, 
1 did not obferve any thing particularly remarkable, except their 
wonderful make. 

W X Y is a folid fleQiy part, wrinkled on the outer edge, and in 
refpeof of the other parts of the very ftrong ; this part, as 1 
have already mentioned, the Mufcle protrudes, or thriifts out of its 
fhell, to a confiderable length, when it prepares to change its place ; 
and when at reft, it generally has a fmali portion projedling out of 
the {hell; but if it be touched, though very lightly it immediately 
withdraws it. The fpot marked with the letter Y, is the place where 
the eggs lie before they are depofited in what we call the beard ; and 
if an incifion be made in this part, the eggs, with a watery liquor, 
ifiiie forth. 

Some of thefe Mufcles I opened in the prefence of the Engraver, 
in order, that as foon as I had taken fome of the young ones out of 
their receptacles, he might make a drawing of them, for, were tliey 
fuffered to hand but a few hours, their true figure would be lofi. 
The unborn Mufcles being put into a glafs tube, and placed before 
the microfcope, I faw with aftonifhment a mofi pleating fpehacle, 
for every one of them, each in its particular membrane, or covering 
had a flow circumvolution, and that not for a fliort fpace ot time, 
but fuch turning round or rotatory motion was oblervable for three 
hours afterwards, and it was the more curious, becaufe the young 
Mufcles, during the whole of their motion, cotifiantly kept in the 
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centre of their membranes, juft as if one were to lee a Iphere or 
globe revolving upon its axis. This ujicommonly pleafing fpe^facle 
was enjoyed by rayfelf, my daughter, and the Engraver for three 
whole hours, and we thought it one of the moft delightful that could 
be exhibited. 

Fig, 15. A B C D E exhibits fix of thefe unborn Mufcles inclofed 
in their refpe6live membranes ; they were drawn by the Engraver in 
the moft accurate manner he could, while they were in motion. Of 
thele, I computed that each parent Mufcle contained lome thoufands. 

I had at the fame time fome unborn Oyfters before a microfcope 
which I had taken out of the parent Oyfter five weeks before, and 
as they ftill appeared perfedf in ftiape, I caufed a drawing to be made 
of them allb, and this is ibewn at fig. ib, F G H I. In fome of 
thefe the openings of their Ihells were plainly to be difcerned. 

Thefe young Oyfters bore the moft exadl refemblance to full 
grown ones, though they were fo minute that one hundred of them 
laid together would not equal an inch in length, and I have computed 
that each parent Oyfter contained three or four thoufand of them. 


4- 
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On the Circulation of the Blood; that it is not difcoverable by thefghoty 
in an human body, nor in the bodies of terreflrial animals: the fame 
completely feen in ffljes, and the nature oj it particularly defcribed. 


The Blood is compofed of exceeding finall particles, named, 
globules,:^ which, in moft animals, are of a redf colour, fwimming 
in a liquor, called, by phyficians, the ferum; and by means of thefe 
globules the motion of the Blood becomes vifible, which otherwife 
would not be difcoverable by the fight. Thefe particles, or globules, 
are fo minute, that one hundred of them, placed fide by fide, would 
not equal the diameter of a common grain of fand , confequently, a 
grain of fand is above a million times the fize of one fuch globule. 

I have often endeavoured to view the circulation of the blood in 
terreflrial animals, but without fuccefs, by reafon that no parts of 
their bodies were fufficiently tranfparent. Among others, I tried 
the experiment with a young Cock ; which I wrapped in a cloth, in 
order to keep him quiet, leaving out only his head , and infpe 61 ed 
his comb, but could not therein perceive the motion of the Blood: 

* Later writers contend, that the particles of Blood are not fpherical, as this word imports, 
but plane, or of a flat (hape; and this Mr. Leeuwenhoek admits to be true with regard to 
fifties. However, the word globules is always ufed to denote the component particles of the 
circulating fluid. 

+ In fome fifties the Blood Is not of a red colour, and alfo in many infers, which have been 
therefore improperly denominated exfangues, or bloodlefs. 

M 
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I afterwards examined his gills, or thofe parts hanging under 
the throat, and there I faw it running in an inconceivable num¬ 
ber of veffels ; many of which were fo minute, that numbers of 
them taken together would not equal the fize of a fingle hair: 
but it was impohible for me to trace the circulation in them, by rea- 
fon of their immenfe number, crolfing each other in all directions : 
for the rednefs which we obferve in a cock's comb and gills, proceeds 
entirely from the great number of blood-veffels on their furface, 
where they are only covered with a thin tranfparent fkin. 

After this, I made my obfervations on white Rabbits, by placing 
their ears before the microfcope ; but, with all my pains, I could 
not do more than fee the Blood running with great fwiftnefs through 
the arteries and veins. When I plucked off' the fhort hairs from the 
extremities of the ears, becaufe they obftruCted my fight, lobferved, 
that the pulling off each hair had broken or injured feveral of the 
veffels, and caufed an eff'ufion of blood. From hence I gathered the 
reafon, why I had perceived that the pulling out any hairs from the 
back of my hand produced a rednefs in the part ; and I now con¬ 
cluded, that we cannot pull out a fingle hair from any part of our 
bodies, while fuch hair is growing, without injuring fome veffels, fo 
as to caufe the Blood to ffart. 

But my greatefl: expectation of fuccefs, w^as placed on a Bat, be¬ 
caufe I conceived that the membrane, or fkin, which ferves this ani¬ 
mal for wings, muff be fo thin and tranfparent, as to afford a view 
of the veffels. And, having procured one of thefe creatures, I put it 
into a glafs and examined jt by the microfcope. Here I faw the mo¬ 
tion of the Blood, both in the arteries and viens, moff diffinbtly, and 
fully to my fatisfaCiion, though by no means fo clearly as is to be feen 
in f files ; firff, becaufe the membrane compofing the bat's wdng, is 
not fo tranfparent; fecondly, becaufe there is more of the watery part 
(or lerum, as it is called) in the Blood of fiflies than in terreffrial 
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animals; and thirdly, becaufe the particles of blood from which its 
rednefs proceeds, appear mucii larger in fillies, they being of a fiat 
and oval fliape; whereas, on the contrary, as far as I could judge 
from iny eye, they, in this animal were fplierical. I ufed every 
means I could devife to fee the compleat circulation of the blood, 
namely, that one of the fmallefi; of thofe vefiels which we call veins, 
arofe from another which is called an artery, and afterwards con¬ 
veyed its contents into a larger vein; but this I found to be impolli- 
ble, for when I followed the courfe of the artery, until it became lb 
fmall as only to admit one or two globules to pafs through it at a 
time, I then loft fight of it. If this artery, throughout its circuit, had 
not been fmaller than the twenty-fifth part of an hair, I do not doubt 
that I could have feen the whole circulation ; but as thefe veflels 
were at their extremities diminifhed to a much lefs fize, and the 
membrane of the wing was covered with a kind of fcales, I could not 
(as I have before faid) follow with my eye thofe minute ramifica¬ 
tions. I perceived, however, in many places, an artery and a vein, 
placed clofe befide each other, and of a fize large enough to admit 
the paflage of ten or twelve globules of blood at the fame time; and 
in this artery the blood was protruded or driven forward with great 
fwiftnefs, and flowed back through the vein, which was a moft plea- 
fing fpedfacle to behold. 

I could alfo moft plainly perceive in the arteries, the rifing, or pul- 
fation, caufed by the motion which the blood receives from the heart; 
thefe pulfations were fo rapid that I judged feven ftrokes were per¬ 
formed in a fecond of time. 

The w^orm, or fmall animal which is produced from the fpawn of 
frogs, and is called a tapdole, afforded me a ft ill more diftinbl view 
of this fubjedf; for, upon placing one of them, which was newdy 
hatched, before the microfeope, I could diftinblly perceive the whole 
circuit of the blood, in its paflage to the extremities of the veflels, 
and in its return towyards the heart. But I muft here obferve, (as 
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before mentioned) that if this blood had been an uniformly clear 
liquor, its motion could not by any means have been difcovered; but 
as it confided of a very tranfparent fluid, mixed, as it leemed, with 
globules of different fizes, which were plainly to be diftinguillied, 
though they had not, as yet, in this creature acquired any colour, 
the circulation was thereby rendered very apparent. 

When thefe tadpoles were about eight or ten days old, I could 
perceive a fmall particle moving within their bodies, which I conclu¬ 
ded to be the heart; and the fluid which was protruded from it 
began to afl'ume a red colour. 

Upon examining the tail of this creature, a fight prefented itfelf, 
more delightful tlian any that my eyes had ever beheld; for here I 
difcovered more than fifty circulations of the blood, in different 
places, while the animal lay quiet in the water, and I could bring it 
before the microfcope to my wifli. For I faw, not only that the 
blood in many places was conveyed through exceedingly minute 
veffels, from die middle of the tail towards the edges, but that each 
of thefe veflels had a curve, or turning, and carried the blood back 
towards the middle of the tail, in order to be again conveyed to the 
heart. Hereby it plainly appeared to me, that the blood-veflels I 
now faw in this animal, and which bear the names of arteries and 
veins, are, in fadf, one and the fame, that is to fay, that they are pro¬ 
perly termed arteries fo long as they convey the blood to the fartheft 
extremities of its veflels, and veins when they bring it back towards 
the heart. For example, I fee many blood-veflels in the tail of a 
tadpole taking their courfe, as reprefented in Plate IV. i. ABC, 
wliere the pofition of the parts A and C is tov/ards the fpine or mid¬ 
dle of the tail, and the part B towards the edge of it. In A B, the 
blood is driven from the heart, and in B C, it is brought back again, 
and thus may we fay, that the veflel A B C, is both an artery and a 
vein, for it cannot be denominated an artery, farther than where the 
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blood is driven in it to its fartbefl extent, that is, from A to B; and’ 
we mu ft name B C, a vein, becaule, in it, the blood is returning 
back to the lieart. And thus it appears, that an artery and a vein 
are one and the fame veft’el prolonged or extended. 

In the part where I faw this circulation, the arteries were no lar¬ 
ger than to admit a fingle particle of blood to pafs freely through 
them : thefe particles, though in this creature they were of a flat and 
oval fliape, yet fometimes by reafon of the fmallnefs of the artery, 
aft’umed a kind of oblong round figure, and when the animal, by 
being taken out of the water, grew languid, the blood in thefe very 
minute arteries began to flagnate, and when it again acquired mo¬ 
tion, many of the globules appeared twice as long as broad, and alfo 
pointed at their extremities. 

In another place,. I faw a larger artery divide itfelf into tw^o- 
branches,, wdiich are fliewn 2it fig. 2. D E, and each of thefe branches 
returned back with a curve, as reprefented at E F and E G. Now%. 
if we denominate D E F, and D E G, arteries, becaufe, in them the 
blood is driven outwards from the heart, it follows that F H, and 
G I K, muft be veins, becaufe they each bring it back towuards the 
heart. Again, not far from K, w'as another fmaller artery, wdiich 
is figured at M L ; this was united to the vein I K, fo that the 
arteries DEG, and M. L, together formed one vein at I K. In a 
w^ord, in this figure, H F is a vein, D E F and DEG, are arteries; 
G I K and K I L, are veins, and M L is an artery ; and yet w^e muft 
fay, that thefe are only the fame veflels continued. 

In another place I faw three of the fmalleft arteries, after return¬ 
ing in a curve, as before defcribed, unite in one, and thus form a vein 
three times the fize of each artery. But all thefe three veflels with 
their bendings wdierein the circulation was performed did not occupy, 
more fpace, than could be covered by a grain of fand. 

I often perceived an artery, taking its courfe over, or crofting 
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a vein, and, if a perfon did not clearly fee the different courfes of tlie 
veflels, he might conclude that here tlie circulation was perforined 
or compleated, and this I faw not only in the fmallefl veflels, but in 
thofe which were ten times larger. This tranfverfe courfe, or cur¬ 
rent of the veflels, I had often before obferved in terreflrial animals, 
whilfl I was endeavouring to difcover the conjundfion of their arte¬ 
ries and veins. But, as I became then well afllired, that this con- 
jundlion, or circulation, did not take place in the larger veflels, but 
in the very fmallefl: of all, (for otherwife I am perfuaded, that all the 
parts of the body could not be fupplied with nourifliment) and that 
therefore I fliould in vain attempt to difcover fuch circulation, I, fome 
years ago, abandoned the farther inveftigatian of it. For, if we now 
plainly perceive, that the paflage of the blood from the arteries into 
the veins of the tadpole, is not performed in any other than thofe 
veflels, which are fo minute as only to admit the paflage of a Angle 
globule at a time, we may conclude that the fame is performed in like 
manner in our own bodies, and in thofe of other animals. And if 
lo, it mult be impoffible for us ever to difcover the paflage from the 
arteries into the veins in the human body, or of any terreflrial ani- 
animal; Arfl, becaule a Angle globule, when lying in one of thofe 
minute arteries, has not any vifible colour, and fecondly, becaufe, in 
thofe veflels which are fo large as to come within our Aght, the 
blood has not any perceptible motion. 

The particles in the blood of frogs are (as before obferved) of 
a flat and oval lhape, and thefe, when viewed fingly, appear, as I 
may fay, colourlefs ; but when two are laid on one another, they 
appear a little of a reddifli cafl ; and where three are together, the 
rednefs becomes deeper. This may be explained by fg. 3. wherein 
A reprefents one of thefe oval particles, which, in part, is covered 
by another particle B; and C is a third particle, covering a fmall 
part of both A and B; by which means the part at D, where the 
particles are three-fold, acquires a flill darker colour. But when 
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I have attentively examined one of thefe oval particles on the edge, 
as is feen at E, I have found it exhibit a ftronger blood-red than 
where three particles lay flat one on another. 

Among the tadpoles, which I caufed to be taken out of the canals, 
I perceived a few very fmall Allies, having their Ikins marked with 
dark fpots, fome of which were of tlie Agures of little Aars. This fpe- 
cies of Afli I judged to be of its full Aze, becaufe I had never feen any 
by the naked eye of the fame lhape as thefe appeared when magniAed. 
One of them I placed before the microfeope, and, upon obferving the 
Anny part which conAitutes the extremity of the tail, I plainly faw 
tlie fame kind of flender arteries and veins as I have before deferibed, 
though with more dilAculty than in the tadpole, partly, becaufe 
this Afli did not long continue quiet, and partly becaufe the parti¬ 
cles of Blood (which, in thefe obfervations appeared to me no 
other than globules) were much fmaller than in the tadpole. Thefe 
arteries and veins vrere placed.near the honey parts, or rifings, which 
give Arength to the fn at the tail, and in them I faw the compleat 
circulation of the Blood ; for, on both Tides of each of the before- 
mentioned honey parts was an artery, which liad a bending, or back¬ 
ward turning at its extremity, and thus became the beginning of a 
vein. 

Upon viewing this Afli's tail, at tlie part where the An begins, I 
there law, to my great admiration, a large artery dividing itfelf into 
the before-mentioned fmaller ones ; and clofe to it, numbers of the 
minute veins returning from the An, and uniting, in one large vein. 
In fliort, here was fuch an agitation, or motion of the Blood driven 
out of the large artery to the farthell end of the tail and into tlie An, 
and running back in the fmall viens, into the large one, as is incon¬ 
ceivable. 

In order to fliew the Aze of this little Afli, wherein I obferved all 
thefe motions of the blood, I caufed a Agure of it to be drawn, as it 
appeared to the naked eye, and this is fliewn in Plate IV. fig. 4. At 
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:fig. 5, is fhe\Mi part of the body and the tail of the fame fifli, as fccn 
•through the microfcope, DE is a fin on the back, and L M, another 
under the belly, near the tail, andFGHIK is the fin of the tail, 
Avherein are to be numbered feventeen fmall bones. 

Thefe fmall bones, contrived by Nature to give flrength to tlie 
fin, were formed with joints ; and I could fee that they were com- 
pofcd of oblong particles, which, probably, were hollow tubes ; the 
pellicle, or membrane, which covered them, and compofed the 
greateft part of the fin, "was alfo formed of oblong parts, but thefe 
things the limner could not perceive, becaufe the fifli being then 
dead, they were become invifible. 

I have before faid, that on each fide of thefe honey parts of the 
tail I had diftindlly feen the compleat circulation of the hlood, and 
this was in thirty-four places, two between each bone ; that is, there 
were in this fifli’s tail fixty-eight blood veflels ; namely, thirty-four 
arteries, and as many veins, befides thofe vefiels that, probably, 
were in the fmalleft part of the fin, about F or K, which I did not 
attend to. 

To fhew this circulation more plainly, I caufed one of the boney 
parts of the tail to be drawn fomewhat more magnified, which is I'e- 
prefented at/g. b, O PQR. Clofe to each fide of this bone lies an 
artery, which in the figure is pidhired at S T and W X, and in thefe 
veflels are reprefented the particles of blood, which appear of a round 
figure. Here the blood was to be feen running with a fwift courfe 
from S to T, and with the fame fwiftnefs returning back from T to 
V, fo that .ST is an artery, and T V a vein, and yet, both of them 
but one blopd-veflel, continued and prolonged. In like maimer, were 
the blood-veflels on the other fide of the bone at WX Y. But thefe 
arteries and veins were not at fo great a proportionate difiance as 
here reprelented, for, in many places, they were fo clofe as to touch 
jea.ch other^ 
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in other places, and alfo in the two fins D E and L M, I faw the 
blood not only running along, but alfo taking its wliole courfe for¬ 
ward and back again, in manner before defcribed. 

Now, if in the tail of fo fmall a fifh, as this which is pidfured at 
fg. 4, there are to be found thirty-four diftindl circulations of blood, 
what an incredible number of them mud; there be in an human body 1 
And this being fo, it is no wonder, that, upon the leaf! pundlure made 
by a needle, or any other fmall inflrument, the blood ifiiies forth. In¬ 
deed, from thefe my obfervations, I am well affured, that, in the 
fpace of a finger's nail, in any part of the furface of our bodies, there 
are more than a thoufand circulations of blood. 

Some years after thefe, and other obfervations of the like kind, had 
been made by me, I accidenUilly fell into converfation with a certain 
learned Gentleman, (not a native of Holland) on this fubje6l of the 
circulation of the blood, particularly in the minuteft velTels which are 
contained in a very I’mall fpace, and that this circulation could as 
plainly be feen, as with the naked eye we fee water fpringing up 
from a fountain, and falling down again ; but though I ufed all my 
endeavours to convince him of the truth of what I advanced, yet 
this learned Gentleman refufed to give credit to my words, declar¬ 
ing that he could not form any conception of the matters which I 
related. 

This Gentleman’s incredulity took up much of my thoughts, par¬ 
ticularly upon a time when I had got fome very fmall eels, not 
longer than one’s little finger : and on this occafion I fent for a 
limner, who I knew was a very curious obferver, and had a very 
acute fight, judging that he would be able to make a drawing of fome 
of thofe blood-veflels. 

I then put one of thefe fmall eels into a glafs tube, about the fize 
of a goofe-quill, and placing it before the microfcope, I delivered it 
into the limner’s, hands, defiring him particularly to attend to the 
current of blood which at that time was moft difi:in6lly to be feen in 
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ibme final] veffels ; defiring him, at the fame time, to obfcrve, that 
all thofe veHels through which the blood was driven outwards to the 
extremities, were named arteries, but where the blood, when arrived 
at the fmalleft velfels, began to take its courfe back again, there 
they were called veins, although it plainly appeared that the vefiels 
were one and the fame. 

The limner could not fufficiently admire this fpedlacle of the blood 
circulating in fuch minute velTels, arifi ng out of the larger ones ; and 
he was equally in admiration at the blood's returning from thofe 
very fmall velfels into the larger. And as the eel continued quiet 
longer than ufual, without moving its tail, I frequently defired the 
limner that he would, as long as pollible, keep his eye fixed on this 
current of the blood, in order to imprint the idea on his memory. 
At length, he put Ins- hand to paper, and made a rough Iketch of foine 
blood-velfels and their ramifications, or branches ; and he repeated 
his obfervation and his drawing, until he had compleatly traced fix 
fcveral blood-veflels, namely, three arteries, and as many veins, with 
their ramifications, with all the accuracy he was able, faying, he had 
now fufficient materials to make a perfeef drawing, fo as to deferibe 
the exadf proportion both of the larger and fmaller vefiels. 

In PlateIV.7, and in the fpace between i,..2, 3, 4, are repre- 
fented fix of tliefe blood-veflels, which I diredled to be drawn on 
rather a larger fcale than the firfl; Iketch taken of them, in order that 
the feveral velTels might he caller diftinguilhed ; therefore this figure 
fliews them about twice as large as they appeared to the limner 
through the microfeope. 

Thefe vefiels were not at the very extremity of the filh's tail, but 
a little below it, towards the end of the fin. And that part, or fpot, 
which the limner law through the microfeope, and the feveral blood- 
velfels of which he made the drawing, did not, in my judgment, take 
up as much fpace as is occupied by a large grain of fand ; for though 
the view of the microfeope might include the compafs. of four fuch 
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grains, yet the part wherein the blood-vefiTels were feen, did not 
amount to a fourth of that fpace; fo that, within lefs compafs than 
that of a grain of fand, there are found to be in the tail of an eel, as 
great a number of blood-veflels as are here re])rerented between 
1,2, 3, 4. 

At the letter A, is reprefented one of thofe blood-velTels, which 
are called veins ; B, one of thofe named arteries ; C, is a vein ; D, 
an artery; E, another vein, and F, another artery. 

But, in order more clearly to explain the courfe of the blood in 
thefe vefleE, and to fhew, at what part, though in fadf they are one 
and the fame, they affume different names, I have in the figure more 
particularly pointed out, and fliall now defcribe one of thofe vef(els 
called an artery. 

D, is that artery, out of which, at G, proceeds a fmall brancli, 
which, at H, divides itfelf into two, as HIK: and here we fee, that 
tlie branch GHl is properly to be named an artery, becaufe, as hir 
as I, theblcod is driven from the heart, and IK, we muff name a 
vein, becaufe, from I to K the blood is brought back towards the 
heart. In the other branch, which proceeds from H, in the direction 
H LM, the blood is infufed into the vein E at M; and fince at M it 
firff begins to take its courfe towards the heart, it follows that at M 
this veffel firff affumes the name of a vein. 

In this fmall artery G H, it is to be obferved that the limner has 
been very accurate in defcribing the exa< 5 f: ffze of the veffel, and we 
muff always bear in mind, that in thefe branchings, or ramifications, 
the arteries grow fmaller and fmaller, and the veins continually grow 
larger, as they receive the blood from the arteries. Farther, all the 
minute blood-velfels defcribed in this figure the limner has repre- 
fented, not by lines, but by fmall circular dots, fo as to give an idea 
of the particles or globules of blood, which he very diflindfly faw, 
running or paffing through them. 

All the minute vefl'els which are reprefented in this figure, of the 
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fize pi6lured at HIK, or HLM, are of equal dimenfions, and they 
are fo flender, that I can fafely affirm, that if a grain of our common 
fcowering fand were divided into a million of equal parts, each of 
thofe parts would Hill be too large to find a paffiage through thefe 
minute vefiels. Which being confidered, we may conclude how 
exquifitely (lender miifl be the velTels in which the circulation is per¬ 
formed : and if it were not fo, how could all the parts of our bodies 
be continually fupplied with nouriffiment 

Farther, in the hefore-mentioned artery D, is another fmall ra¬ 
mification at N, which depofits its contents in the vein E at O, and a 
little higher, at P, is a branch which unites itfelf with the vein 
Eat O. 

At R, may be obferved another fmall branch, proceeding from 
the fame artery D, which, at S, is joined with a fmall branch from 
the artery B, and afterwards both fall into the vein C. 

Again, at T, is another fmall branch, arifing out of the artery D, 
which, at V, fubdivides itfelf into two, and, in two feveral places, 
namely, at W and X, conveys the blood into the vein E, and from 
the fame artery another branch arifes at Y, which, at Z, is divided 
into two, and thefe are united to the vein C at the places marked 
a and b. 

At a fmall diftance from Y, is another very minute branch at c, 
which is joined to the vein C at d. 

Farther, at e, another fmall artery branches forth from D, taking 
the diredlion c/, and at J is fubdivided into two ftill fmaller 
branches, both which join the vein E at g and h. 

* A Very eminent phyfician of our own country, (Dr Mead) expreflcs himfelf in 
very nearly the fame words: ‘‘ Every animal machine is of fuch a nature, that there is a 
“ fort of infinity in its conftituent parts, by which expreflion I mean, that their fibres are 
“ fo extremely fmall, that we cannot difcover the ultimate ftamina, even by the affiflrance 
“ of the beft microfcopes. Had it been otherwife, aliment could not be conveyed to 
“ every individual part of the body; nor could the neceflary fundlions of life be per- 
formed. Mead’s Msdxcal Precepis^ in the IntreduSiion. 
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A little higher in the artery D, a linall artery branches off’at i, pro¬ 
ceeding to k and I, where it again divides itfelf into two, and joins 
the vein E at m and n. 

Clol’e to ij two fmall branches arife at o, and join the vein C at 
p and q. 

At r arifes another fmall artery r s, which at s divides into two 
mailer branches, one of them taking the courfe s t, to join the vein 
C, and the other paffing by suw x, to join the vein E. 

Laftly, the extremity, or fmalleft part of the artery D, is lhe^vn 
at ry z, and is united to the vein E at A, firft fending off' a branch 
near the letter u, which taking the dire6tion u b, is united to the 
vein C at t. 

Hence it plainly appears, how many various branches or minute 
arteries proceed from thofe fmall blood-veffels, or arteries, repre- 
fented at D and F, and how thefe all unite with the other fmall 
veiiels called veins, which are fliewn at A, C and E; and this alfo 
proves what has been fo often mentioned, that all thefe blood-veilels, 
though called by different names, are yet the fame identical veffels. 
And if we refledl, that each of thefe very fmall veffels muff be 
formed with the fame kind of coat as the larger ones thougli of a 
thinnefs proportioned to its fize; and farther, if we confider of 
what wonderfully fine and invifible membranes the coats of the 
fmalleft veffels muft be formed, and how eafily the fineft part of the 
arterial blood may find a pallage through thofe coats, to the end that 
every part of the body may, from thence, be continually fupplied 
with necelTary and fuitabie nourifliment; thefe things, I fay, be¬ 
ing duly weighed and confidered, it feems clear that tlie arterial 
blood, coming from the heart, muft contain more fubtile and fluid 
parts than when in its paflage to the heart. For the blood will not 
be deprived of its more fubtile juices, while in the larger arteries ; 
to prevent which, I imagine that they are provided with thick and 
folid coats. And here the particles of blood from which its rednefs 
proceeds, fwimming in a thin juice, are of a bright red colour; but 
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in the imaliefi arteries, feme of its parts are drawn off for tliefupport 
and nourifhmcnt of the body, whereby the blood, when returning 
in the veins, being deprived of thofe thin juices, aflumes a darker red, 
and as more of the thin juices are taken away, it wnll appear blackifin 

The circulation of the blood is reprefented in another view , at 
Jig. 8, ABCDEFGHIK, which is a drawing of fome veflels feen 
by the microfeope, in the tail of a tadpole ; thefe animals are much 
quieter than eels, and the arteries and veins are as eafdy to be feen 
in them as in any other creature; and in the fmallefl vehels where 
the period, or the retrograde motion of the blood is performed, its 
particles are more diftant from each other than in any other animal. 

The veflel, Ihewm in this figure, (which w^as an artery, wherein 
the blood w^as driven forward with great fwnftnefs from A to B) w^as 
rather larger than to admit one of the particles of blood at a time. 
At B it divided itfelf into two branches, which are reprefented at B C 
and B E; thefe two branches were at D again united in one, for 
a fhort fpace, and at F they again feparated, as fhewn at F G and 
F I. Here thefe tw'o arterial branches, making a fmall curve, or 
bend, again joined in one at FI, forming a fomew hat larger veflel, 
which is feen at H K ; and at K, this w^as joined to a flill larger 
blood-veflel. 

Flere it is plain, that the veflels A B C D E F G, and A B E F I, 
forafmuch as in them the blood. is driven from the heart, to G and 
I, its greatefl; diftance, muft be named arteries ; and the veflels G H K 
and I FI K, becaufe in them tiie blood is returning to the heart, 
muft be named veins. 

I formerly was of opinion, that in all cafes where by an accidental 
fall or blow, there were produced livid or purple fpots upon the 
fkin, which proceeded from coagulated blood, this blood (if no 
exulceration ftiould take place in the part) would ;by degrees be fo 
diflolved, as to be carried oft' by perfpiration ; but the following 
fervations caufed me to alter my opinion in this refpedl. 
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In the tail of this tadpole, I obferved a veh'el, of a fize to admit 
twenty of the particles or globules at once; fo that this was a large 
veffel, in proportion to thofe which I have before defcribed. A fmall 
part of it is reprefented 9, L M; and from this, proceeded a 

minute veflel, which is fhewn at M O. 

The current in this veflel, from L to M, was not fo fwift as I ob¬ 
ferved in the other veffels, and for this reafon, that, in another part 
of it, at R, the blood was coagulated, infomuch, that no diflinbl par¬ 
ticles could be perceived in it, but only an uniform rednefs; but in 
the fmall vefTel N, the current was as fwift as in any of the others. 

In confequence of this ftagnation at R, the blood was driven for¬ 
wards from M to P, with every pulfation of the heart, and inflantly 
ran back again, in like manner, as if ydth the naked eye we beheld 
a fwift alternate or reciprocal motion, like that of a faw. 

We know, that water cannot be comprefled into a lefs fpacc than 
it naturally occupies ; and this being alfo the cafe with regard to the 
blood, we muft conclude, that the coat of this veflel, between N and 
P, and alfo a little below N, was, at every pulfation, expanded in 
diameter, and, at the intermitting of the pulfation, would contra6t 
itfelf, and fo drive the blood back again. 

Keeping my eye fixed on the objebf, I perceived, in a little time, 
the blood between P and R begin to move, and by little and little, 
from P towards R, to have the fame alternate motion to and fro, as 
I have before defcribed. At the fame time, the blood in the veflel 
N S, where, at firft, little or no motion could be feen, the current 
was now as fwift as ufual. And in the fmall blood-vcflel, marked 
P O, which was only of a fize fo admit one globule at a time, and 
wherein I could not at firfl; difeover any motion, the circulation was 
now reftored ; but the particles of blood were few in number, and at 
a diftance from each other. 
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At length all the blood from P to R, was fo far rendered fluid, that, 
at every pulfation, it was driven forward, and then returned back 
again. In thefe obfervations, about two minutes of time elapfed, 
and my eye being fatigued, I took it off the objea to give it reft, in 
which interval, the animal put itlelf into a violent agitation, there- 
by precluding any farther obfervation. 

But, fince we now clearly fee, that coagulated blood can, by the 
pulfation of the heart, in courfe of time, not only be put in motion, 
but alfo fo far diflblved, that its component particles or globules may 
re-aflume their priftine figure, we may fairly conclude, that blood, 
in any animal, which by a blow or brujfe, is made to coagulate and 
ftagnate in the veflels, may, in the fpace of fome days, be reftored 
to motion. 

For, fuppofing, that in an hu¬ 
man body, the blood is driven 
from the heart feventy-five times 
in the fpace of a minute (fome fay 
the number of pulfations does not 
exceed fixty, but I believe my 
computation to be neareft the 
truth) it follows, that the pulfa¬ 
tions in an hour's time, are 4,500, 
and, in the fpace of a day and a night, 108,000. 

Now, if we find, that the appearance produced by coagulated blood, 
will, in the fpace of ten days difappear, from our bodies, and confi- 
der, that, in the fame fpace of time, a million and eighty thoufand 
pulfations are performed, and fuppofing, that, at every pulfation, fo 
much of the blood is put in motion in the feveral veflels, as is only 
equal in fize to a grain of fand, we may gather how much of ftag- 
nant blood may be reftored to motion, in the fpace of time juft men¬ 
tioned. 
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For example, let us fuppofe, tliat the quantity of blood, 
which at every pulfation can be rendered fluid, and reflored 
to its motion, is no more than the fize or quantity of a grain 
of fand, and that eighty of fuch grains placed fide by fide do 
not exceed the length of one inch ; we find then that 512000 
grains of fand taken together are equal to a cubic inch, which num¬ 
ber is not the half of the number above afligned. 

In this blood-veflel, which I have juft mentioned, I could not only 
very clearly difcern the feveral pulfations, but I could alfo many 
times in all the arteries, fee to make an exabl computation how 
many times the blood was propelled from the heart in the fpace of one 
minute. 

Now, if we confider that fo great a quantity of blood, as is con¬ 
tained within the compafs of a cubic inch, is very rarely by a blow 
or bruife congealed in one fpot, we may eafily conceive, that when a 
coagulation does happen, it may, by fuch frequent propulfions or 
pulfations as I have mentioned, be at length diflblved, and in all, or 
moft of the veflels, reftored to the fame current or courfe as before. 

At another time, I obferved an appearance of a different nature 
in the blood-veflels, which was occafioned by my having put a tad¬ 
pole into a piece of clean paper, whereby a fmall fpot in the very 
thinneft part of its tail ftuck to the paper, and thereby received a 
fmall injury, fo that fome blood flowed from the wound, out of an 
artery which was of a fize to admit about four globuleSf of blood to 
pafs through it at a time. 

The blood thus flowing out, remained colledled about the wound¬ 
ed part; but here another fight prefented itfelf, which engaged all 
my attention; for, in this fame artery, at about the half of an hair’s 
breadth diftance from the wounded part, another fmall branch ap¬ 
peared, wherein the blood purfued its courfe in the fame uniform and 
diftinbl manner, as if the artery had remained uninjured. 
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•At 7“^. 10, TV, is feen this artery, which was wounded a little 
above V. The letters V and X indicate the extravafated blood. V 
W denote the minute artery in which the blood purfiieci its reo-uiar 
couiTe, though clofe to the place, at P, it ifliied out from tlie artery 
TV. ^ 

This figlit at firft furprized me, but my wonder ceafed when 1 
obferved tliat this blood veflbl V W, was united with a large one at 
W, and of that fort which, carrying back the blood to the heart, is 
called a vein. And by means of this laft-mentioned velTel, the blood 
was carried through the pall'age V W, as it ivere, by a kind of fuc- 
tion, with as much twiftnefs as it had been before driven from T to 
V, infomuch that I was perfuaded, that if the fmall vefibl V had not 
been united to the artery T V, but only its orifice had laid in tlie 
extravafated blood, about the fpot at V, that fuch extravafated blood 
would in a fliort time have been, as I may fay, fucked up and car¬ 
ried away with the remainder of the blood towards W. 

I have often refledled on the nature of thofe very thin tranfparent 
pellicles, or fkins, which conflitute the tvings of fmall flying infedfs 
fuch as gnats, flies, moths, and tlie like ; feme of which I have 
obferved to be entirely covered with feathers, others compofed only 
of thofe mufcular parts which ftrengthen and expand the wing and 
others are wholly covered with hairs : and when I confidered,’that 
thefe hairs, or feathers, are fixed or rooted in regular order in the 
membrane of the wing, my thoughts were wholly bent to difeover 
how thefe wings might be formed. 

As to the fuppofition which at firft occured, that thefe membranes 
were compoied of a tranfparent vifeous or gumm y matter, congealed 
or hardened to a due confiftence, I could not fatisfy myfelf with 
that idea, for it feemed impoflible to me, that in that cal'e the feathers 
and hairs could be produced in fuch regular order; and yet, it was 
beyond my comprehenfion how fo thin a membrane could be funiifti- 
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ed with fuch a number of veins or veflels as would be requifite for 
the formation of fuch feathers and hairs. 

In my endeavours to invefligate this fubjedl, I firft examined one 
of thofe flying infedls, whofe wings confift of membranes only, 
without either hairs or feathers; which membranes are placed 
between the large veflels and finews, giving ftrength and ftiffnefs to 
the wings ; and upon the examination of thefe, I plainly faw that 
there were large blood-veflels running among the finews or mufcu- 
lar parts, from which arofe fmaller veflels, and thefe again divided 
themfelves into flill fmaller ones, until at length they became 
invifible. 

I was not, however, content with this, and among other objedfs, 
I met with a large green grafshopper, in the wing of which I more 
clearly perceived not only, that from the large blood-veflels in the 
wing, other fmaller ones arofe, but I alfo faw that the colour of the 
blood in thefe large veflels was green ; and in the fmaller veflels and 
their more minute ramifications, I could fiill diflinguifli the blood to 
have a greenifli call: ; but when thefe veflels were again fubdivided 
into fmaller ones, I could not perceive any colour in them, and the 
veflels themfelves became fo clear and tranfparent that they entirely 
efcaped the fight. 

Though I could moft plainly fee that the fubftance, or matter, 
of which this blood was compofed, confified of globules fwimming in 
a clear liquor, I moreover cut the wing in two, and out of the veflels 
colledled fome of the blood, which I placed before the microfcope, 
and obfervcd that where the globules or particles of it lay in numbers 
or heaps together, the colour was a lively green, where they lay fo 
thin as not to amount to the twentieth part of the thicknefs of an 
hair of one's head, the colour was only greenifli, but where the 
globules were fingly dii’perfed, it had no longer any appearance of 
colour at all, but became tranfparent; and here it clearly appeared 
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to me, that all thefe green globules were contained in a thin tranfpa- 
rent fluid. 

From thefe obfervations I concluded, that the tranfparent mem¬ 
branes which principally conftitute the wings of thefe fmall animals, 
are as completely provided with blood-veifels, fiiiews, &c. as the 
bodies of other creatures. 

I formerly was of opinion, that in the wings of thefe fmall flying 
creatures there was no circulation of the blood, for I judged, that in 
its pafl'age through fuch exceeding flender vefl'els, it miifl; be evapo¬ 
rated or dried up : and the rather, as many of thefe winged infedls do 
not take any food, but only live a few days, and die as foon as they 
have coupled, and laid their eggs. But if we recolle 61 :, that the mem¬ 
branes of their wings are of a hard and horny nature, though exceed¬ 
ing thin, we may conclude, that all the vefl'els, compofing this horny 
membrane are fo firm and tough, that, though all the fluid con¬ 
tained in them ihould be dried up by the heat of the fun, the veflels 
themfelves would not collapfe or fhrink up, as thofe in our own 
bodies, or the bodies of other animals would do in the like cafe. 

I was confirmed in this opinion, by obferving that the blood-vef- 
fels in the wings of thefe infe6ls were not of the fame make as thofe 
in the bodies of the human fpecies and of terreftrial animals, but were 
compofed of annular parts, or rings, like the windpipe and the veflels 
pertaining to refpiration in the lungs of animals. And, though we 
may not be able to difcover all thefe veflels in the wings of infe6f;Sj, 
yet we may be aflured that there is an incredible number of them 
entering into the compofition of thofe wings. And, fhould we ima¬ 
gine, that thefe veflels by reafon of their fmallnefs or their hard and 
dry nature, are impervious to blood and juices for the fuflenance of 
the wing, we muft confider that there is not a Angle hair or feather, 
how fmall foever it be, which is found upon one of thefe wings, but 
muft have had in it many fmall veflels necefl’ary for its produ6lion ; 
for every feather has its quill and every quill muft have a great num- 
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ber of vefTelSj in order to contribute to the increafe of fiich feather r 
and who knows whether each of fuch fmall feathers may not have 
been formed out of more than a thoufand vefiTels ? And when we 
refledl on the great number of feathers or hairs with which the wing 
of a fly or moth is covered, we fliall find it impofiible to conceive 
the numbers of vefl’els of which thefe infedls, thougli they appear 
contemptible in our eyes, are compofed. Indeed, I am of opinion, 
that many phyficians and furgeons cannot reckon up fo great a 
number of vefiels in a cat or a dog, as I imagine enter into the com- 
pofition of a gnat. 

It was allb at one time my opinion, that the ridges, or thicker 
parts, in the wings of thefe flying infe 61 :s, and which I have named 
finews, were only the boney parts of tlie wing to give it ftrength. 
But when I perceived, that there were large blood-vefiels in thofe 
parts, I applied myfelf with all diligence to difcover, if poffible, 
the current of blood in thofe vefiels. 

For this purpofe, I took thofe butterflies which proceed from 
the catterpillar that feeds on the afpin, the poplar, or the willow ; 
and which, in fize and fiiape, refemble the filk worm's butter¬ 
fly. Their wings are, on both fides, covered with white feathers, 
and, unlefs thefe are taken off', the membrane cannot be dif- 
cerned. Thefe feathers I wiped from the wing with a foft piece 
of leather, as gently as poffible, to avoid injuring the wing or 
hurting the butterfly. And I then applied the wing (while the 
animal was alive) to the microfcope; but, with all my attention, I 
could not difcern the leaf! current of blood in the vefiels, though 
if there had been any regular motion, I have no doubt but I fhould 
have feen it, and the rather, as this blood was of a yellowifh 
colour; and, upon opening the large veffels in thefe wings, I have 
often prefied out the blood which they contained. 

For the moft part, thefe large vefi'els lye in, or near, that boney 
part of the wing which gives it firength; and I have often obfervcd 



( 11 ° ) 

tliole velTels to be placed, not in a right line, or parallel with the 
honey part, but twilled, with various turnings, in like manner as 
if one were to fee the inteftines of an animal in the pofture they lie 
while joined to their membranes. 

After this, I accidently met with a large grey moth or butter¬ 
fly, which in a manner flew into my hand. This butterfly I killed, 
afid cut off the wings, and, having taken oft’ the feathers, I 
placed them before the microfcope : and here 1 faw the blood- 
veflels more plainly than in the wings of the other infedls I have 
mentioned. A part of one of thefe wings I placed before the 
microfcope, and caufed a drawing to be made, not only of thofe 
blood-veftels lying in the boney part of the wing, but alfo of thofe 
which were difperfed over the membrane, and of which the mem¬ 
brane, in part, confifts ; in order to Ihew, how the veflels lye 
twifted in various turnings ; alfo, how they are compofed of annu¬ 
lar parts or rings placed together ; and likewife, how, from thefe 
large veflels finaller branches arife, which, in great numbers, are 
fpread all over the membrane. 

In Plate IV, Jig. i r, PQR reprefents a blood-veflel, with its 
various branches, fpread over the membrane. ABCDEFG, is 
a large blood-vefl'el in one of the boney parts of the wing, wherein 
is feen, the manner how this vefl’el is twifted or bent, and alfo, the 
annular parts of which it is compofed ; in conformity with the 
formation of the blood-veflels in all infedls ; infomuch that I have 
feen the blood-veflels in the loufe and flea, to be compofed of fuch 
annular parts. 

In the fame figure, B H, I K, C L, D M, E N, and E O, repre- 
fent the blood-veflels with their branches ifluing from this laft- 
mentioned veflel, and fpreading over the membrane ; and in thefe 
alfo, the annular parts could be diftinguilhed ; but when they 
became fo fmall, as to appear no larger through the microfcope, 
than a horfe-hair to the naked eve, then the rings in them could 
no longer be difeerned. Thefe veflels the limner purfued in his 
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drawing as far as his eye could diftinguifli them, but at length they 
became fo minute, and fo intermixed one with another, that no 
true judgment could be formed of them. 

In S T V, are fhewn a few of the feathers, which fo exa( 51 :ly cover 
both fides of the membrane, that no part of it can be feen. W W 
W, are three larger feathers which were placed on the edges of the 
wing. XXXXX indicate the membrane, wlien it was laid bare of its 
feathers, on both Tides, in order to difcover the blood-vellels. And 
here, though not in regular order, may be feen the cavities or holes 
in which the quills were fixed, and from which they had their origin. 

Farther, I confidered with myfelf, whether or no the blood-veh'els 
confifted of arteries and veins ; but I could not fee any other than 
one fort of veflels in the wings of all the infedfs of this fpecies, which 
I have examined, except that once 1 thought I faw in the thinnefi 
part of the wing of a grafshopper, that in the larger veflels next the 
body, another fpecies of veflels was inferted. 

The conclufion drawn by me upon the whole was, that there w’as 
not any circulation of the blood in the wings of thefe creatures, and 
that the blood-vefl'els I have been defcribing, which certainly were 
arteries, were only defigned to perfedf the formation of the wdng with 
its multitudes of feathers, and afterwards, to convey the blood, with 
an exceeding flow motion, through the veflels, in order to afford a, 
fmall degree of fiipport to the wing in its perfedf ftate. For, as 
thefe butterflies, and thole which are produced from the filk-worm, 
and many other flying infe6fs which proceed from caterpillars, do 
not take any food, and do not live any longer than till they have 
coupled and laid their eggs, it is not necefl'ary, in my opinion, that 
the blood in their wings fhould have any circulating or retrograde 
motion, and befides, the membranes being of a flift' horny nature, 
they require little or no nourifhment. 

I cannot here omit to mention, that I have heretofore often taken 
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great pains to difcover two kinds of veflels in the leaves of trees and 
plants in order to afcertain, whether there was any circulation in 
leaves, but I never could fee more than one fpecies of veflels, namely 
thofe that convey the nutritive juices to the feveral parts. .. 

But, if we confider, that not only the leaves of trees, but alfo their 
fruits, do not need any other than thofe nutritive juices, which are 
requifite to bring them to perfedlion, we fhall not wonder that when 
at a ftate of maturity, they are, as it were, fpontaneoufly loofened 
or fhaken off from the tree, without the lea ft appearance of having 
been broken off; nay, that part of the ftalk which was originally 
united to the tree, will appear as fmooth as if, with its multitude 
of veflels, it never had been joined to it. 

In a word, I will venture to aflert, that neither the wings of the 
before mentioned flying infedls, nor the leaves or fruit of trees, 
require that kind of circulation of the juices, which we have been 
confi dering. 




Of the formation of the Teeth in feveral animals; the frudture of the 
human Teeth explained^ and fome of the diforders to which the fame are 
liable accounted for. 


Having taken great pains to iiiveftigate the formation of the 
elephant’s tooth, and examined into the nature of it by every means 
I could devife, 1 found it to confiil only of a colledlion of tubuli, or 
pipes, which are exceedingly fmall, and all derive their origin from 
the inner part of the tooth, for I never could difcover any of them 
lying longitudinally or lengthwife in it. 

Upon examining that part of the tooth where the honey fubftance 
is but thin, which is where it is united to the head, I very plainly 
perceived that one end of thefe tubuli took its rife from the cavity 
within, and the other end extended to the circumference, which cir¬ 
cumference or outfide was compofed of a kind of fcaly particles laid 
one on another, and I confidered with myfelf whether each feries or 
layer of thefe fcaly particles might not be the fubftance or thicknefs 
formed in the fpace of one year. 

Purfiiing thefe my obfervations in the examination of that part of 
the tooth where to the eye it feems perfedfly folid, I there found it 
to have, near the middle, a fmall cavity, through which cavity I con¬ 
cluded the nutritive fubftance muft be conveyed, for the continual 
fupport and increafe of the tooth. And upon examining the tubuli 
round about this fmall cavity, I perceived that they all arofe from 
thence, and fpread themfelves all round towards the circumference, 
I endeavoured to examine ft ill farther, beyond the part where this 
cavity ended, in order to difcover whether from thefe ftrft formed 

P 
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tubuli others might not arife or branch forth ; but this part of nature's 
work was infcrutable to me. My conje6lure refpe6ling the matter 
however was, that each of the boney tubuli (proceeding from the 
fmall cavity before mentioned) might be compofedof many folds or 
coats, and thus not only be difpofed to diverge or fpread into a 
larger fpace, fo as to form the fubftance of the tooth, but alfo, by 
this means, contribute to its ftrength. 

I alfo examined the teeth taken from young hogs, and found them 
to be likewife formed of tubuli fpreading from the cavity in the cen- 
ter, to the circumference. 

After this, I was defirous of examining the flrudfure of the hu¬ 
man teeth, and having for that purpofe procured a number of the 
large ones, called the grinders, I found them to be formed exacSfly in 
the manner before defcribed, namely, of tubuli or little boney pipes, 
clofely joined together, arifing at the cavity in the middle of the 
tooth, and ending at the circumference or outfide. And in order to 
explain this formation to the Reader as clearly as poflible, 1 caufed 
the following drawings to be made ; 

In Plate V.y%. i, at A B C, is reprefented a human tooth, on one 
fide of which, with a file, I cut away alinoft the half, not to difcover 
the cavity therein, which is well known to mod perfons, but only to 
Ihew the manner how the tubuli, of which the boney part is compo- 
fed, take their rife from the cavity in the center, and terminate at the 
circumference. But it muft be underftood, that thefe tubuli are by 
no means of the fize reprefented by the lines in this figure, the fame 
only denoting the order in which they lie, for the tubuli themfelves 
are exceedingly fmall, and cannot be well difcerned without the help 
of the very bed microfcopes. 

In the fame dgure, at G H I, is reprefented another tooth, which 
is filed down from the upper part of it as far as the before-menti¬ 
oned cavity, in order to fhew how the tubuli do here alfo fpread 
themfelves round about from the center. All the extremities of the 
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tubuli which lie near the outfide of tlie tooth, (as far as they are 
above the gums, and expofed to the air) are extremely hard, being 
as it were the folid cafe, fhell, or covering of the tooth ; and if we 
examine the furface of this cafe or covering attentively, we fliall find 
one tooth to have forty, another perhaps fifty circles on it, like wrin¬ 
kles, or gatherings, which in fome places run in a curved or wavy 
dire6lion, as is reprefented in the figure at D E F, where a drawing 
is given of this outfide fhell, with fome of the circles marked there¬ 
on ; and I imagine that the circles which thus appear like wrinkles 
proceed from hence, that they are the places where the tooth, while 
growing, is from time to time protruded or thruft out from the gum. 

In the teeth fhed by children, and likewife in thofe of many young 
animals, I have obferved that the ends of their roots are entirely 
open or hollow; and in like manner I imagine that the roots of tlie 
molar teeth or grinders which I have been juft defcribing, are at 
firft formed in the fame manner, but that in procefs of time they 
become oflified or converted into a boney fubftance, of a fpongy 
nature, through which many vefl’els pafs, conveying blood, and nutri¬ 
tive juices into the cavity of the tooth, and I alio conceive that this 
cavity is filled with nerves and veffels fpreading themfelves into fo 
many branches, that every one of the boney tubuli is thereby in- 
creafed during the time of its growth, and afterwards, (while the 
tooth continues found) nourifhed and fupported. I alfo conje6lure 
that thefe fmall veflels thus nourifhing and fupporting the boney 
tubuli do not end at the furface of the tooth (I mean, in that part of it 
which is within the gum) but that the aliment or nutritive I'ubftance 
has a continued courfe through thefe veflels, and that the ends of the 
boney tubuli are again converted into fofc or pliable veflels, fpread¬ 
ing through the gum, and that thofe veflels are what principally keep 
the tooth fixed in its place. 

The firft formation, and fubfequent fupport or nourifnment of the 
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tootii being as before defcribed, we may eafily conceive that the 
boney tubuli, (being of a folid nature, and incapable of dilatation or 
fpreading) may happen to be obflrudled by fome grofs or concreted 
^ matter, and then the fmall velfels contained within the cavity of the 
tooth muft immediately by fuch obftru6lion in the circulation of 
their juices be defined. This diftention or fwelling will neceflarily 
excite great pain, for all the velfels contained in the tooth will prefs 
clofely on each other, forafmuch as they cannot fwell or fpread 
theinfelves as other veflels can, which are not confined within the 
folid fubftance of a bone. Again, fuppofing thefe boney tubuli to be 
obflru(51ed, and the obflrudfion not removed, we may from thence 
gather the reafon why our teeth partially decay, fometiines on the 
fides, and fometiines at the tops, the reft of the.teeth remaining 
found for feveral years after. 

In order to fhew the proportion which the fize or thicknefs of the 
tooth bears to its component parts before defcribed, I placed a very 
final! piece of this tooth before the microfcope, and delivered that 
inicrofcope to the limner, directing him to draw an exadl reprefen- 
tation of what he faw, (but without acquainting him what that objed: 
was). And here I muft obferve, that in this tooth the tubuli appear¬ 
ed to me much larger than I had before obferved in any animal, or 
in the elephant’s tooth. 

In Plate V. at 2 , K L M N, is reprefented * an exceeding 
fmall particle, or piece of a human tooth, of that fort called the 
molar teeth, or grinders, as feen through the microfcope. The reafon 
why in this figure fome of the tubuli there pictured appear of a 
darker ftiade than the reft, is only this, that in that place where 
they feem darker there were more of the tubuli lying one 


* The author having juft below informed us, that rzo of the boney tubuli make only the 
forty-fifth part of an inch, we may, by counting the tubuli reprefented in this figure, judge the 
natural fize of the fragment, or piece of tooth here magnified, and it will be found to be about 
the fortieth part of an inch in length and the fiftieth part of an inch in breadth, or of the fize 
flicwn at X. 
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behind the other, owing to the piece of tooth being thicker in that 
part, for this fmall fragment was fplit off, and not cut from the 
tooth. 

The breadth of this tooth v/as almoft two fiftli parts of an inch, 
and from the beft computation I could make, I judged that within 
the forty-fifth part of an inch, I faw an hundred and twenty of 
the tubuli, which amounts, in the fpace of one inch in length, to 
five thoufand four hundred: now I'uppofing this molar tooth, or 
grinder, before defcribed, to be of a round figure, the diameter of 
it would be 2150 times the thicknefs of one of the tubili of which 
the fame is compofed, and when this number is multiplied into itfelf, 
the produ6f is 41,822,500. In a word, the proportion of one of 
the honey tubili to the fize of fuch a tooth, is as one to 4,822,500 

Notwithftanding I had now obtained a very fatisfa< 51 :ory infight 
into the formation of the human tooth, I was not yet content, but 
became defirous to examine into the nature of the fubfiance, or 
veffels contained in the cavity, and for this purpofe, I procured 
fome of the fore teeth, and the jaw-bone of an ox, which were 
taken out and brought to me immediately after the animal had been 
killed ; feveral of thefe fore-teeth, and fome of the grinders, I broke, 
or fplit open, and with great admiration obferved, that thofe vefiels, 
which, palling through fmall apertures in the lower part of the 
tooth, filled all the cavity within, confifted of fuch an inconceiv¬ 
able number of blood-vefiels, and other vefiels, as to furpafs all 
imagination : indeed, many of them. I obferved to be as fmall and 
flender as the tubuli themfelves, of which the tooth was formed; 
and among them were fmall blood-vefiels branching out into ftiil 
fmaller ones, many of them entirely colourlefs; therefore, I thought 
it probable that there might be ftill fmaller vefiels entirely undif- 
cernible by our fight. 

All thefe vefiels w'ere inclofed in a membrane, or coat, wdiich 
was eafily to be feparated from the bone, and, Iiaving kept fome 
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of thefe teeth by me four or five days before I broke them open, 
(in which time all the internal moifture was evaporated), I obferved 
in fome places within the tooth, a bloody fubfiance which had pene¬ 
trated into the boney tubuli, giving fome of them a reddiih colour. 

It is my cuftom, every morning, to rub my teeth with fait, and 
afterwards to walh my mouth, and after eating I always clean my 
large teeth with a tooth-pick, and fometimes rub them very hard 
with a cloth. By thefe means, my teeth are fo clean and white, 
that few perfons of my age ^ can fliew fo good a fet, nor do my 
gums ever bleed, although I rub them hard with fait; and yet I 
cannot keep my teeth fo clean, but that upon examining them 
with a magnifying glafs, I have obferved a fort of white lubfiance 
colle6led between them, in confifience like a mixture of flour 
and water. In reflecSfing on this fubftance, I thought it probable, 
(though I could not obferve any motion in it,) that it might con¬ 
tain fome living creatures. Having therefore mixed it with rain 
water, which I knew was perfe6fly pure, I found, to my great 
furprife, that it contained many very fmall animalcules, the mo¬ 
tions of which were very pleafing to behold. The largefl; fort 
of them is reprefented in Plate 3, at A, and thefe had the 

greateft, and the quickefl: motion, leaping about in the fluid, 
like the fifli called a Jack ; the number of thefe was very fmall. 
The fecond fort are reprefented at B, thefe often had a kind of 
whirling motion, and fometimes moved in the dire 61 :ion repre¬ 
fented by the dotted line C D, thefe were more in number. Of 
the third fort, I could not well afcertain the figure, for fometimes 
they feemed roundifh but oblong, and fometimes perfe 61 :ly round. 
Thefe were fo fmall, that they did not appear larger than repre¬ 
fented at E. The m.otion of thefe little creatures, one among 
another, may be imagined like that of a great number of gnats, or 
flies fporting in the air. From the appearance of thefe, to me, I 

* Mr. Leeuwenhoek, at the time of writing this, was upwards of fifty years of age. 
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judged that I faw fome thoiifands of them in a portion of liquid, no 
larger than a grain of land, and this liquid confifted of eight 
parts water, and one part only of the before-mentioned fubllance 
taken from the teeth. 

With the point of a needle, I took fome of the fame kind of 
fubllance from the teeth of two ladies, who I knew were very 
pundlual in cleaning them every day, and therein I obferved as 
many of thefe animalcules as I have juft mentioned. I alfo faw 
the fame in the white fubllance taken from the teeth of a boy 
about eight years old ; and upon examining in like manner, the 
lame fubllance taken from the teeth of an old gentleman, who 
was very carelefs about keeping them clean, I found an incredible 
number of living animalcules, fwimming about more rapidly than 
any I had before feen, and in fuch numbers, that the v/ater which 
contained them, (though but a fmall portion of the matter taken 
from the teeth was mixed in it,) feemed to be alive. 

Some time after making the preceding obfervations, I received 
from Sir Hans Sloane, a packet, containing three fmall maggots, 
two of which were dead, and the third alive, with a letter, inform¬ 
ing me that they were found in a perfon's decayed tooth, from 
whence they had been expelled by fumigation. Upon examining 
thefe, I had no doubt that they were of the fort found in cheefe, 
and upon comparing them with fome living ones which I procured 
from a cheefemonger, I found them to correfpond exa6lly in make 
and fliape. Thefe maggots are the offspring of a fmall fly, which 
is frequently feen in cheefemongers' fhops, and lays its eggs in 
the cheefe, where the little maggots produced from them And 
nourilhment, and are in time converted into flies. 

The maggots fent me by the cheefemonger, I kept in a glafs 
tube, and fupplied them with food, and in a fliort time they were 
converted into flies, which laid eggs, and thefe again produced 
maggots of the fame kind as the former. The living maggot 
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which I received from Sir Hans Sloaiie I kept by itfelf, and it was 
alfo converted into a % of the fame fpecies, 

Thefe maggots when firft hatched from the egg, are no bigger 
than a grain of fand, but afterwards grow to about four times that 
fize ; they have two fmall teeth by which they are enabled to gnaw 
their way into the cheefe; and as their fkin is very firm and hard 
they are not eafily crufhed or deftroyed. Now, it is eafy to con¬ 
ceive, that the perfon in whofe tooth the maggots firft mentioned 
were found, might have been eating of fuch old cheefe, and that 
the maggots, or the eggs producing them, might have been lodged 
uninjured in the cavity of the tooth, where, when they began to 
gnaw, they inuft caufe great pain; and we may elfo eafily imagine 
that by the fumigation they might have been driven out of the 
part. 


4 - 




ON COFFEE. 


IN my inquiries into the nature of feveral kinds of feeds, I examined, 
among others, thofe which are called Coffee Beans, which are much 
in life in this country, for preparing the well known drink of that 
name. 

I was iirff defirous to know in what part of thefe feeds the young 
plant was placed, and for this purpole I procured fome entire coffee 
beans, inclofed in their original hulk or fnell. 

In Plate 4, E, F is reprefented this nut, hulk, or fliell, in 

which are tw'o of thefe coffee beans, divided by a membrane, or par¬ 
tition : for, that which at hrft fight apjiears as a fingle feed, does in 
fa(ff confih of two diflindt beans or feeds, lying in regular order 
befide each other, jufi: as we obferve two kernels in an almond, a 
filbert, or an apricot. 

In 5, G H, is fhewn the nut or fhell, opened on one fide, fliew- 
ing how the two beans lie with their flat fides next each other; G, 
is that part which was joined to the plant, and from whence the feed 
derived its nourifliment, and H, is the end where the young plant is 
formed in the feed: fig. 6, I K, is a coffee-bean lying with its flat 
fide upwards. 

I cut a dice from one of thefe beans, at the end marked I, and 
caufed a figure of it to be drawn, fomewhat magnified, only to fliew 
the place where the young plant lies. 

Fig. 7, L M N, is this flice, and at O is to be feen the part of the 

Q 
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bean where the young plant is formed; and here that part which 
would have grown up into a llalk or hem, is cut tranfverfely. 

I have alfo laid coffee beans for fome time in water, in order more 
eafily to take out the young plant, and to give a drawing of it 
from the microfcope. This young plant, fo magnified, is fhewn in 
Plate V. fig. 8, PQRSTV. AtQRSTV are three compleatly 
formed leaves, and 1 could fee the veflels and globules whereof they 
confifled very diftindtly in fome of them, efpecially where the leaves 
did not lie two or three together. A few of thefe globules, com- 
poling the leaf, are reprefented in this figure, at letter T. That 
part where tlie root and hem would flioot forth is fliewn at PQ V. 

After this young beginning of the plant liad hood fome months 
before the microfcope, I perceived that the leaves were covered with 
a fort of mouldinefs. This appearance ufually begins by a kind of 
halk ; from whence a globule proceeds, and out of that many more, 
exhibiting together the likenefs of foliage, but the mouldinefs I am 
now fpeaking of, had a very different appearance, being much more 
in the fhape of flowers, as is fhewn mfg. 8, at a a a a. But I have 
often feen this mouldinefs, even on the dead bodies or parts of the 
bodies of infedfs, and alfo on the fliell of a fiIk-worm's egg. 

Some of thefe beans I placed in a proper chymical vefl'el over the 
fire, and obferved, that in the roafting, or burning them, a great 
great quantity of oily fubftance. and alfo of watery moifture was 
expelled. The roafted beans I broke into fmall pieces, and after 
infufing them in clear rain water, I fuffered the water to evaporate, 
after pouring it ofl' from the grofl'er parts of the coffee, and then I 
difcovered a great number of oblong faline particles of different fizes, 
(but moft of them exceedingly minute) all of them with fharp points 
at the ends, and thick in the middle. 

Afterwards, I took fome of the coff ee beans in the fame flate they 
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are imported to us, and upon fqueezing, or prefling them with 
great force, a larger quantity of the oil was ex prefled than 
could be imagined, and I obferved that this oil was very clear and 
thin. 

I alfo cut coffee beans into very fmall fragments, or pieces, 
in every dire6lion, and I always found them to be of a very open 
and fpongy texture : for, whereas, almoft all feeds confifl of a 
farinaceous, or mealy fubftance, (except in that part where the 
young plant is contained) this feed, on the contrary, is formed 
of nothing but fibres, branching or fpreading one among another, 
and the cavities between them, in many places, filled with oil; for 
when I cut off very fmall pieces from the bean, I could plainly 
perceive the oil, and take it,out from the part where it lay. 

From the middle of a bean, I cut a very fmall flice, and placed 
it before the microfcope, in order to fliew the open and fpongy 
texture of this feed ; and in Plate V. fig. 9, ABC D, is reprefented 
this particle, or piece of bean when magnified, the natural fize of 
which was no larger than might be covered by two grains of fand. 
The parts which in this figure appear clofed up, and fome of 
them to confifl: of globules, were filled with oil. When a coffee 
bean is thus cut into fmall pieces, and the pieces prefled between 
the fingers, or fqueezed between any hard fubfcances, the fingers, 
or whatever is ufed in fuch prefliire, will be much flained with oil; 
(that is to fay, in proportion to the force applied) and I will ven¬ 
ture to fay, that by a Angle operation of this kind, more than one 
thoufand little drops of oil will be expreffed : it is here to be noted, 
that the oily particles formed in the coffee bean are not perfeaiy 
of a round figure, but in many places they lie together in irre¬ 
gular fliapes. 

This formation of the coffee bean being confidered, we need 
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no longer wonder, that they cannot he reduced into powder until 
they have been roafted, or burnt, for, in the roafting, much of the 
oil is driven off and confumed by the fire, and the branchey, or 
fibrous particles become weaker or more brittle, and the more 
they are burnt, or roafted, the more eafily they can be pounded in 
a mortar. 

As to myfelf, who am accuflomed to take this kind of drink 
every morning for breakfaft, I do not fuffer the coffee beans to be 
much burnt, and I caufe them to be pounded, or reduced into 
fuch fmall particles, that they will pals through a filken fieve, and 
until they feel between the fingers as fine and fmooth as flour. A 
proper quantity of the coffee thus prepared, being put into a 
coffee-pot, I pour on it boiling rain water, and then fet it again 
on the fire, but not to boil, and after letting it ffand for a fliort 
time to fettle, this is the coffee I make ufe of. 

This is not, indeed, a very profitable way of making coffee, 
though much more grateful and pleafant to the palate, except to 
thofe who like the burnt flavour. For, when the coffee beans are 
violently roaffed, they can more eafily be pounded to powder and 
palled through a fieve, and the liquor clarifies fooner; and alfo, 
by reafon of the burning, the bitter tafte fpreads farther, and 
produces more of the liquor, efpecially if the coffee be boiled in 
the water 

But, if we judge, that the oil and falts which are found in coffee, 
are the parts wherein its virtue confiffs, and from which we are to 
expedl benefit to our health, we fhall prefer that coffee which is 
not over roaffed, to that which is more burnt, for, in the coffee 
which I drink, I always obferve a great quantity of oily particles 
fwimming on the furface, which would not be found there, if the 
coffee were more roaffed, for in that cafe the oily particles are 
more driven off by the force of the fire. 
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Many perfons fay, that coffee is not wholefome, unlefs it is made 
bright and clear before it be drank ; but this, I think, is of no 
confequence, becaufe I am well convinced that the particles of 
coffee, (excepting the oil and falts, which I have before mentioned 
to be contained in it,) are of fo hard and inflexible a nature, that 
they )iever can be introduced into the fyftem of our bodies. 

I have oftentimes endeavoured to bring coffee beans to a ffate 
of growth and vegetation, but herein I never could fucceed : whe¬ 
ther this was, becaufe they had been kept too long, or whether, 
that at the place of their groAvth, they had been over dried, to 
facilitate their exportation to diffant countries, whereby the juices 
which fhould have nourifhed the young plant were dried away, 
I cannot pretend to fay. 

I have feveral times placed coffee beans in a clean glafs under 
water, without finding any alteration in the colour of them or of 
the water, but when they were fo placed that part of them was 
above the furface of the water, then both the coffee-beans and the 
water became of a grafs green colour. 

I formerly thought that thefe coffee beans were produced by 
fowing them annually in the manner of our peafe and beans in 
Europe, but I have been lately informed by a Gentleman who has 
travelled in the Eafl:, that they are the feed or fruit of a tree which 
grows to about the fize of our lime trees.* 


* The cofFee-tree is a native of Arabia, from whence in the lafi: and prefent centuries 
it has been cultivated both in the Eart and Weft Indies, but the Mocha coftee is ftiil in. 
the greateft eftimation. 



ON VINEGAR. 


J HAVE obferved, that on expofing a finall quantity of white 
wine Vinegar to the air for a few hours, a vail number of corpuf- 
cles, or fmall folid fubilances appear in it, which I take on inyfelf 
to name the falts of Vinegar. Some of thefe are reprefented in 
Plate V. fig, 10 ; thofe at A appeared to terminate in a fliarp 
point at each end, having in the middle a dark fpot; others were 
glittering like cryilals, as at B, and thefe were moil in number: 
others of thefe corpufcles were of an oblong figure, and of a dark 
colour, with a lucid fpot in the middle, as at C ; and fome few 
of an oval form with an oval bright fpot in the middle, as at D. 
Among the figures A, B, D, I was convinced that I faw feveral 
with a cavity or hollow in them, which gave them the appearance 
of being half dark coloured, and half tranfparent Others of thefe 
falts or cryflals laid one on another in cluilers, as at E ; and lailly, 
fome there were with points at one end only, like half cryftals, 
as at F. It is not eaiy to defcribe the extreme minutenefs of thefe 
corpufcles, and fome of them w^ere indeed, fo fmall that they 
almoil efcaped the view of the microfcope. 

All thefe particles, wdiich I name the fait of vinegar, I conclude 
to be thofe parts of it wdiich excite on the tongue that tafle or 
fenfe named acid. And, although they appeared to me, through 
the microfcope, of the fliapes and fizes I have mentioned, yet 
I concluded that they were all compofed of flill fmaller par¬ 
ticles, of the fame (hape, in like manner as I have often in our 
common fea-W'ater, or in w^ater wherein common fait is dilTolved, 
when placed before a microfcope, feen many particles moll 
exadlly quadrilateral, or four-fquare, but lb minute that millions of 
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them were not equal to a grain of fand ; and thefe, while'I contem¬ 
plated them, would increafe in fize ftill preferving their exa6l fquare 
figure. In like manner I conclude, that there are none of thefe ftiarp 
pointed falts which I obferve in vinegar, but are compofed of num¬ 
bers of fmaller particles of fimilar fliape. 

Having kept in my parlour for about two months, a glafs, two fin¬ 
gers broad, with a fmall quantity of vinegar in it, expofed to the air, 
I obferved, at the end of that time, numbers of faline particles fwiin- 
ming on the furface, and, upon more narrowly examining them, I 
plainly difcerned, what I had not fo clearly feen before, that thefe 
faline particles had a kind of cavity in them, as eafily to be feen, as 
if, with the naked eye we were to look into a fmall boat or a fiiip, 
and which, the longer the vinegar was fuffered to fiand, grew lar¬ 
ger : fome of thefe, with the cavity in front, are reprefented at G, 
and at H fome of the fame feen fideways. I alfo caufed a drawing 
to be made of a living eel, of that fpecies which is often found in 
vinegar, whereof the number I faw in this liquor was very great; 
this is fhewn at L M ; and at N O, another eel dead, which I killed, 
on purpofe that the limner might take it's figure more accurately. 
Thefe eels (which are invifible to the naked eye) I cauled to be drawn, 
that by comparing them with the before-mentioned faline particles, 
the extreme minutenefs of thofe falts might be the better conceived, 
and it fhould be underftood, that by far the greater part of thefe 
falts could not be difcovered by the common microfcope, which 
made the eels vifible. I am alfo defirous to convince thofe of their 
error, who imagine, that the acid tafte of vinegar arifes from the 
pungency, or fharp, fenfation, which thefe eels are fuppofed to excite 
on our tongues, by their pointed tails ; for, were this the cafe, many 
forts of vinegar would be taftelefs, becaufe none of the eels are to 
be found in them ; and in winter time, vinegar would become vapid, 
or lofe it’s fournefs, becaufe thefe minute eels are killed by cold 
or froft. 
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I was def]rolls to obferve the effe6l of crabs’ eyes being infufed in* 
x'inegar, it being faid that they abforb or take away it> fournefs, and 
I concluded that this mud be performed by tlic acute falts before 
mentioned being altered in figure, or rendered more foft or flexible 
fo as to lofe.their pungency on the tongue. I took therefore, fome 
new glaffes, and after mixing in them vinegar with crabs’ eyes 
broken in fmall pieces, I found, that the long pointed falts I have 
before defcribed, were altered to a kind of oblong quadrilateral 
figure rifing in the middle in form of a pyramid, fnnilar to a diamond 
when poliflted; thefe are reprefented mfg. ic, at P, others were 
exadlly fquare, as at Q, and others of the fitape reprefented at 
I\. But it is to be noted, that thefe particles bore no proportion in 
point of fize to the faline particles in common vinegar, for thefe lad 
were drawn from much deeper magnifiers, without the help of 
which, I could not have difcovered their diapes. And, what I par¬ 
ticularly wondered at was, that thefe faline particles were almod all 
ol the fame fize, which I never obferved in any other fpecies of 
falts. After the effervefcence produced by the mixture of the vine¬ 
gar and crabs’ eyes was fubfided, I drank about a third part of a 
thimble full of the vinegar, and found that it had no acid tade, but 
a bitternefs, fo difguding, as almod to occafion a naufea or fick- 
nefs. 

I have alfo pounded white chalk and mixed it with vinegar, and 
I found that it produced the fame effervefcence as the crabs’ eyes, 
and the fame change of figure in the faline particles, and that it alfo 
look away all the acid tade of the vinegar. 
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OF THE SCORPION. 


The Dire(^lors of the Eaft India Company m Delft, having fent 
to me a living Indian Scorpion, I put it into a long and wide 
glafs tube, flopped at the ends with cork, though not quite clofe; 
and I prefumed that, on account of the coldnefs of the glafs, the 
Scorpion would place itfelf on the cork, and fo be preferved 
longer alive: and I occafionally put it into a tliinner glafs tube, 
in order, as far as I was able, to examine it by the microfcope, 

I firfl made my obfervations on its legs, the fifth joint of which, 
from the body, being very tranfparent, I there plainly perceived 
the blood running in an artery towards the extremity of the foot; 
which artery, I. judged to be the fize of an hair of ones head 
and clofe behde it, the blood was returning in a vein of the fame 
thicknefs. Thefe two veflels I deemed to be the principal blood- 
veflels in that limb, and, though I was well affured, that there were 
many fmall branches through which the blood was conveyed out 
of the artery into the vein, and thus the circulation was com^ 
pleated, yet I could not get a fight of thofe minute veffels. 

The blood of this creature not being of a red colour, it may be 
ranked among thofe animals, which the antients named exfangues, 
or bloodlefs. 

t faw that this Scorpion had two black eyes ; placed, not at the 
extremity of the head, as we obferve in many fmall animals, by 
which they difcover obje6ls on both fides of them ; but thele two 
eyes flood about the eighth part of an inch towards the back 

R 
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part of its head, and feeined clefigned for the view of objedis 
upwards. And I diicovered, on each fide of the head, three other 
eyes, only an eighth part the fize of the before mentioned ones, 
placed in regular order befide each other, fo that thefe creatures 
are provided with eight eyes ; and, as the two eyes on the top of 
the head are only fitted to look upwards, fo, thefe eyes placed on 
the Tides are calculated to fupply the defedf of the former ones. 
And herein we fee, with how much perfedtion and provident fore- 
fight, every creature, however difgufting it may be to us, is formed 
by Nature ; and that none of fuch creatures have ever proceeded 
from corruption, as fome men have imagined, but have been 
produced by their like ever fince the Creation. 

I put two living flies into the glafs with this Scorpion, in order 
to fee wliether it would feize them as its prey ; but they appeared 
not at all frightened at the Scorpion, even fitting upon its body, 
and the Scorpion was equally indifferent, and did not move itfelf 
on account of the flies. I afterwards put a fmall lizard, newt or 
eft ; and likewife a fpider and a fly at the fame time into the glafs 
with the Scorpion ; but it appeared equally indifferent to them 
all; and after I had kept it by me almofl three months, in which 
time it had not taken any food, it died. 

As foon as I perceived that the Scorpion was dead, I took a pair 
of Imall forceps, and laid hold on that part in which I was per- 
fuaded the poifon was depofited, and brought the fling before the 
microfcope; then, by a little compreffion of the forceps, I caufed 
the poifonous matter to iflue forth, which might be thought to 
be emitted at the very extremity of the fling, but upon examining 
the fling by the microfcope, I found that on each fide of it, near 
the point, was a fmall aperture. 

I have caufed a drawing to be made of this Scorpion, in order 
to explain the nature of its fling. 

Plate V./^. 11, reprefents the Scorpion itfelf, and at A, is the 
fling, which the animal, whether in motion or at refl, ahvays 
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carries with its tail bent, or turned inwards, in order, mod pro¬ 
bably, to preferve the ding from any injury it might fudain by 
the blunting of the point, or otherwife. 

Fig. 13, F G H I, reprefents the ding, as feen through the 
microfcope, and, between the letters G and H, may be feen the 
aperture which the ding has, on one fide; and13, K L M N, 
reprefents the other fide of the ding where the fame aperture is 
to be obferved between the letters L M, 

It mud here be noted, that the prominent part which is feen 
in jigs. 13 and 13, at letter X, is not to be taken for a fecond 
ding, for in my opinion it ferves only as a bafe or fupport, to be 
fixed on the fkin, in order that by its help, the ding may be thrud 
in with greater force. 

Upon refledting frequently on the make of this ding, T confi- 
dered with myfelf, that, if the above mentioned aperture had been 
at the very extremity, the ding could not fo eafily have been 
made to pierce the Ikin: I alfo thought, that tlie Scorpion has not 
pow'er to expel the poifon, but that when the ding enters the 
fledi, then the fides of the oblong cavity in it (which is feen in 
the fgs. 12 and 13, betw'een the letters G H and LM) are, by the 
predure on the ding in its entrance (in regard the inner parts of 
this cavity are of a foft and yielding nature) forced inwards, and 
by that means tlie poifon within the ding is driven out. Now, 
if the Scorpion had power to ejecl its venom, I imagine that it 
would not drike at any objedl wdiatever with its ding, without at 
the fame time emitting fome of the venom ; but as this is not 
obferved to be the cafe, we mud conclude, that the poifon is 
kept within the ding, until, by the force applied in piercing the 
dvin or flefli, the poifon is driven out, and there it will exert 
its full force upon the juices of the wounded part. 

The liquid matter, or poifon which I before mentioned to have 
extradled from the ding by predure (though it was in a very 
fmall quantity) I put into a clean glafs, which I prepared on. 



purpofe, in order, if pofllble, to difcover the faline particles 
contained in it, which alone, as it feenis probable, do render this 
liquid poifonous in fo great a degree; but, with all my attention, 
I could not perceive any thing in it particularly worthy of noting. 

This liquid, being in a very finall quantity, and alfo being 
fpread very thin, in a Ihort time, all the moifiure of it was evapo¬ 
rated, leaving a kind of thick gummy matter, mixed with various 
difierent particles, to which I could not aflign any particular 
figure. Hereupon, I, without lofs of time, made a pundlure on my 
finger with a needle, and applied a final! portion of the blood 
wliich ifi’ued from the part, to this poifonous liibflance, in order 
to fee, whether the blood would undergo any alteration by the 
mixture. But, nothing of that kind appeared, for I could not 
difcern any difference between the blood which was placed on 
the poifon, and that which lay near it. 

The next morning, I difledted the tail of this Scorpion, and, 
from each joint, I took out two flefhy mufcles, of a very white 
colour, each of which was compofed of a great number of very 
fmall oblong particles, terminating at the extremity of the mufcl 
where it grew fmaller, thus forming the tendon : on one of thefe 
mufcles was a kind of velfel, fliaped in the middle like a bladder, 
and this, I concluded, was deftined to convey the poifon to the 
extremity of the tail. Thefe flefliy mufcles were furnifhed with 
annular parts, or rings, ferving to extend and contradl the mufcle. 

Thofe eyes which were fituated on the upper part of the head, 
I placed before the microfcope, whereby I faw how perfedlly the 
tunica cornea, or homey coat of the eye was formed ; for through 
it I could fee all the furrounding objedts (though wonderfully 
diminiflied ) fo diftindlly, that I could not contemplate the fpedfacle 
without admiration ; but this pleafing fight was not of long conti¬ 
nuance, for the tunica cornea foon dried and fhrivelled up. 

Upon opening the belley, I could not form any judgment of the 
inteflines, by reafon that tliey had begun to decay, except that I 
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found twelve eggs, each about tlie fize of a grain of millet, of a yel¬ 
low colour, and in ill ape not unlike a lemon. 

In the fore part of the head, and juft in front of the mouth, I 
obferved two teeth, each fixed on a fhort joint, and they are ufed, 
as I imagine, by the Scorpion, to grind its food, before it is taken 
into the mouth. Thefe I feparated from the head, and found each' 
to confift of a three-fold tooth, one of which was fo made, as to fit 
exa^fly the cavity between the two oppofite ones. And, to (hew 
the flrength of thefe teeth, I caufed a drawing to be made of one 
of them. Fig. 14, O P Q R, is this tooth, or more properly this 
three fold tooth, and on it, at P, are to be feen fome hairs; the legs 
of this creature are alfo covered with hairs. 

I alfo placed before the microfcope one of the claw^s, which are 
like thofe of crabs or lobfiers, and in Jig. 11, are to be feen at C 
or D. And I caufed a drawing of this claw to be made, in order to 
fliew the curious formation of it. Fig. 15, S T, is the claw, magni¬ 
fied, and on it are plainly to be feen a great number of teeth or 
notches, like thofe of a faw, fome of them larger than others, and 
which faw-like teeth, I doubt not are fo formed for enabling the 
Scorpion firmly to hold Inch fmall living creatures as it catches for 
its prey. 

Seeing now% the wonderful make of this animal, though to us 
it is fo deteftible, and indeed fo noxious; and, confidering the perfect 
wifdom requifite for the contrivance of its feveral parts, we have 
furely ten thoufand times more reafon to believe that its origin is 
derived from thofe which were created at the Beginning, than to 
adhere to the chimseras and errors of the ancients, fome of wliom 
have tranfmitted to us in their writings, the notion, that Scorpions 
are not produced by generation, but from the great heat of the fun; 
others, that they are bred from putrefadlion in the bodies of croco-* 
diles; and others again, that they are generated in rotten wood, and 
fuch like fidfions. 
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ADDITION, BY THE TRANSLATOR. 

It may not be unacceptable to the Reader, to fubjoin a quotation from 
Dr. Mead’s celebrated Effay on Poifons, and the rather, as the fentiments of our 
Author, in regard to the nature of the Scorpion’s poifon, are exadly fimilar to 
thofe of the Dodor’s, when treating of that emitted from the Viper’s fimgs ; 
which animal, being much larger than the Scorpion, might alford Dr. Mead a 
better opportunity of inveftigating the nature of this fubftance, than Mr. Leeu¬ 
wenhoek could have, in the very fmall quantity which he colleded from the 
Scorpion’s fling: and, as we fee that the operations of Nature are performed 
wdth the greatefl uniformity in cafes which are analogous, it may fairly be 
concluded, that what Dr.Mead has faid, refpeding the Viper’s venom, may be 
applied to that of the Scorpion, and of more minute noxious animals. 

Dr. Mead exprelTes himfelf on this fubjed, in the following words ; 

‘ This venomous juice itfelf is of fo inconfiderable a quantity, that it is no 
^ more than one good drop that does the execution. And for this reafon, 
‘ authors have contented themfelves with trials of the bite upon feveral animals, 
' never eflaying to examine the texture and make of the liquor itfelf; for 
' which purpofe, I have oftentimes, by holding a Viper advantageoufy, and 
‘ enraging it till it flruck out its teeth, made it bite upon fomewhat folid, fo as 
' to void its poifon; which, carefully putting upon a glafs plate, 1 have with a 
‘ microfeope, as nicely as I could, viewed its parts and compofition. 

‘ Upon the firfl fight, I could difeover nothing, but a parcel of fmall falts 
^ nimbly floating in the liquor ; but in a very fhort time, the appearance was 
‘ changed, and thefe faline particles were now fhot out, as it were, into cryflals 
< of an incredible tenuity and fharpnefs, with fomething like knots here and 
‘ there, from which they feemed to proceed : fo that the whole texture did in 
' a manner reprefent a fpider’s web, though infinitely finer, and more minute j 
‘ and yet withal, fo rigid where thefe pellucid fpicula, or darts, that they remain- 
‘ ed unaltered upon my glafs for feveral months.* 

' I have tried feveral ways to find out, if 1 could, under what tribe of falts 
' thefe cryflals are to be ranged, and to difeover what alterations they make in 

* A reprefentation of this, taken from Dr. Mead’s work, is given in Plate V.y%. i6. 
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the blood : and, not without Tome difBculty, by reafon of the minute quantity 
of the liquor, and the hazard of experiments of this kind, fome curious friends, 
and rnyfelf together, made the following obfervations : 

‘ About half an ounce of human blood received into a warm glafs, in which 
were five or fix grains of the viperine poifon newly ejedled, was not vifibly 
altered either in colour or confiftence ; it then was, and remained undiftin- 
guifhable from the fame blood, taken into another glafs in which was no 
poifon at all. 

^ Thefe portions of blood were feverally mixed with acids and alkalis : the 
empoifoned blood was, after fuch mixtures, of the fame colour and confid¬ 
ence as the other. 

‘ Spirit of nitre, fpiritof fait, and juice of lemons, feverally poured'upon 
the fanies itfelf, produced neither fermentation, nor any change of colour. 

* Salt of tartar run per deliquium, and the fimple fpirit of harfhorn, dropped 
upon the venom, neither altered its colour, nor raifed any ebullition. 

* Syrup of violets mixed with the poifon did not change its colour either to 
red or green. 

‘ The tinaure of heliotropium, that is, blue paper, was not altered by the 
fanies ejeded upon it j and this, drying, filll retained its yellowifh colour. 

< We caufed feveral animals, dogs, cats and pigeons, to be bit by an enraged 
Viper ; which generally died, fome in a longer, others in a fhorter fpace of 
time. But we confiantly obferved, that they all, immediately upon the bite, 
(hewed with figns of acute pain, marks of their life being affeaed, by 
fickriefs, faintiiigs, convulfions, &c. 

‘ The head of a large Viper lay three hours after it was cut off j it was per-^ 
feaiy flaccid and without motion. A pigeon, wounded upon the breaft with 
the fangs of this head, was prefently convulfed, &c. as from the bite of the 
animal, and died in feven hours. 

* W^e contrived a (harp fteel needle to be made, crooked, in fhape not un¬ 
like to the Viper’s tooth, with a fulcus or hollow on the convex part, not far 
from the point: into this, we put a drop of the venom, and with it wounded 
the nofe of a young dog. It produced the ufual diforders of vomiting, purg¬ 
ing, &c. but in a )efs degree, and the dog recovered. It was remarkable, 
that upon making the wound the dog cried but little, till the poifon came 
into it i but then he howled, &c. in the fame manner as if bit by the viper 
itfelf. But a pigeon pricked in the flefhy part of the breafi, by the fame 
poifoned needle, fuffered as from the bite, and died in about eight hours. 
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^ We refolved to end out poifoii-inquiries by tailing the venomous liquor. 

* Accordingly, having diluted a quantity of it with a very little warm water, 

* feveral of us ventured to putfome of it upon the tip of our tongues. We all 
^ agreed, that it tailed very ftiarp and fiery, as if the tongue had been ftruck 
‘ through with fomething fcalding or burning. This fenfation went not off in 
^ two or three hours, and one gentleman, who would not be fatisfied without 
‘ trying a large drop undiluted, found his tongue fwelled, with a little inflam^ 

* mation, and the forenefs lailed two days j but neither his, nor our boldnefs, 
was attended with any ill confequence. 

* This is no objcdlion to the hurtful quality of this juice: for, as fome chy- 
‘ mical liquors ferment with others of a certain kind only, fo thefe poifonous 
‘ falts may affe< 5 l one fluid of the body, and not another; it is fufficient to the 

* prefent purpofe to fay, that the faline fpicula are broken and diffolved in the 
^ mouth by the clammy falival humour: and if any of them fhould pafs thence 
‘ into the flomach and inteftines, the balfam of the bile will be an antidote 
‘ there, powerful enough to overcome their force. 

‘ Thefe experiments upon the Viper poifon and the blood, are a fufficient 
‘ confirmation, that the nervous liquor only is affedled by this venom ; and at 
‘ the fame time afford a convincing proof, how much thofe fcanty principles of 
^ our chymifls, acid and alkali, fall fhort in explaining the adions of natural 

* bodies i fince neither of thefe falts could in any way be found to affedt the 

* viperine venom.’ 

Mechanical Account of Poifons, p. 14, & feq. Ed. 1747^ 
The Dodlor’s Effay on the Nervous Fluid and the manner in which it is 
affedled by animal poifons, is too long to infert in this place, but the Reader 
will find it in the Introdudlion to the work from which the preceding pafiage is 
taken ; that is to fay, in the later editions, for it is not to be found in the firft, 
printed 1702. 
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Of the Oak galU or Gall-nut f" that it is not a fruit, hut an excrefcence 
produced on the leaves of the oak, by means of an infedt; the manner 
of its formation particularly defcribed, A fmilar excrefcence produced 
in like manner on the Thiftle. 

W HILE I was employed in the fummer feafon, to colIe 61 : 
acorns from the oak, in order to examine the beginning plant in 
that feed, I faw with fiirprize, that the gall-nuts were produced 
upon the leaves of the trees. This feemed the more extraordi¬ 
nary, becaufe I had fuppofed that they were the fruit of the tree, 
but now I found that they were occafionally, or accidently pro¬ 
duced on the leaves of the oak. I was convinced of this, partly, 
becaufe I faw but a few leaves here and there with gall-nuts on 
them, (in fome of which I found four, five, and even fix galls) 
and in others I could not find a fingle one ; and in the next 
place, becaufe I faw, that thefe galls were formed upon the large 
fibres, or veffels in the leaves, which were bur 11: or broken, in 
the places where the galls were formed ; fo that I concluded that 
fome infecT had wounded or gnawed thofe veffels, and that the 
juices of the tree, flowing out of the wounded part, had extended 
themfelves in globules and veffels, and thus, at length caufed the 
formation of the gall-nut. 

* This is a literal tranflation of the Dutch word Galnoot, ufed by the Author; in the 
Latin tranflation it is Galla, which Ainfworth renders ‘ a fruit called gall, or oak-apple j* 
but this is a miftake, for the oak-apple is. not the gall, nor is it formed on the leaves of the 
tree, but at the ends of the fraall twigs ; and it is produced, not by a Angle infedl, but by 
a great number colledled together, and thofe of a different fpecies from the infedf found 
in the gall-nut. 
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On my return home, I examined thefe gall-nuts more accurately, 
and found that each of them had a cavity in the middle, wherein 
lay a living white w^orm, w'hich had very little motion ; it w^as 
thick, in proportion to its length, and lay bent in a circular form, 
the body of it confiding of thirteen or fourteen rings, as we fee 
fdk-worms and caterpillars, and thefe covered with pointed hairs. 

It feemed to me worthy of obfervation, that, from this 
time, I obferved thefe w^orms, or maggots, continue alive to the 
end of December; and that, in gall-nuts w^hich I had gathered in 
the fummer, and which were fo dried, that I thought they were 
Ihrunk to half their former fize; whereupon I concluded that the 
worms, for want of fufficient nourifhment, had not arrived at their 
full growth, fo as to be changed into flies, and had only been 
fupplied with food fiifhcient to keep them alive. But, when they 
had grown to be fomewhat larger than a great pin's head, then 
I faw the eyes beginning to be formed, which were of a black colour. 

After this, I went occafionally into the wood at the Hague, in 
order to purfiie my fpeculations, and obferved that thefe worms 
w^ere changing into flies; for, I not only could fee their eyes per- 
fedfly formed, but I alfo could difcern plainly their horns and 
feet, and the hind part of their bodies. This infecf then lay with¬ 
out any motion that I could perceive, with its feet, fix in number, 
and its tw^o horns lying in regular order clofe to its body, in like 
manner as we fee in the aurelia of the filk w^orm, before it comes 
out of its fliell, or covering, but in this animalcule I did not 
then obferve any fuch cafe or covering; but only the fliape of a 
fmall fly without wings, the hind part of its body of a round form 
and of a fliining black colour, and wTich in a fliort time was 
provided wath two larger and tw o fmaller wings; and I after- 
w^ards found that thefe aurelias had a thin covering, which enclofed 
the body, but not the feet. 

From thefe my obfervations, I concluded, that thefe animalcules 
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were thus produced, namely, by the before-mentioned kind of 
fly, laying its eggs on tlie leaves of the oak, where, when the 
young maggot is hatched, it bites or pierces the veffels of the leaf, 
fo that the juices flow out, and are hardened into globules, fpread- 
ing themfelves, at the fame time, in a circular form like veffels, 
and thus produce what is called the gall-nut, and which juices, while 
hardening, do inclofe the maggot in the middle. 

This newly-formed gall-nut fupplies the animal with food, 
for it eats away the fubftance of the nut by little and little, round 
about itfelf, whence proceeds the cavity we find in the middle of 
thefe galls, and which cavity grows larger, as the animal increafes 
in fize. And it feems to me, that unlefs fome of the large veflels 
in the leaves were injured or perforated by one of the maggots 
I have deferibed, there could not be any gall-nut formed, for in 
every nut which I opened, I conflantly found a maggot (though 
in an hundred fuch nuts, I found but two which contained more 
than one) and this, though one gall-nut was fixty times the fize 
of another,. 

It is however to be noted, that the wounding or biting the 
large veflels in the leaves, does not conflantly produce a gall- 
nut ; for this is only formed, where a fufficient quantity of the 
juices iffues from the opened veffels ; to this alfo, the heat contri¬ 
butes much, by condenfing or thickening the juice ; and hereupon 
it is my opinion, that where thefe veffels are opened in the morn- 
ing, galls will more eafily be formed than when it happens in the 
evening ; for I law on thofe leaves on which were gall-nuts, and 
alfo on thofe where none were to be feen, the leaves and veffels 
much eaten into, and the veffels pierced through, and yet, not the 
leaf! appearance of the formation of a nut on the place. Farther, 
I concluded, that many of thefe maggots get their fuflenance 
from the leaves without piercing the large veffels, for in many 
places I faw the leaves eaten away and in holes. 

In further profecuting my inquiries on this fubje^f, I found 
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that the bed fort of gall-nuts which are ufed in this country, are 
brought from Aleppo. Hereupon I confulted Tavernier’s Tra¬ 
vels, to fee what he fays on this fubjedl; and I found, that in his 
third book, when fpeaking of his journey to Aleppo, he fays, ‘ the 
‘ hills are covered with oaks bearing the gall-nut, and fome 
" of them, befides gall-nuts, alfo produce acorns. ’ But, after 
the preceeding obfervations, we are not to wonder, that the fame 
oak wall produce both galls and acorns, fince nothing more is 
wanting for the production of a gall-nut, than fuch a fly as 1 have 
mentioned, from the eggs of which, worms (hall proceed, which 
feed upon the leaves of the oak. 

To fatisfy myfelf more fully in this particular, I examined 
feveral of thofe gall-nuts which are imported to us, and are much 
ufed by dyers ; and in fome of them I found a dead fly, of the 
fame fliape with thofe found in the galls of this country, and in 
others, only a cavity in the middle, with a round hole reaching 
from that cavity to the furface of the nut, and in the cavity a kind 
of duft, which I imagined to have been the excrements of the 
worm while it was in the nut. And I found upon farther profe- 
CLiting my obfervations on the galls which I gathered from the 
trees here, that not only the maggot is able to gnaw the fubftance 
of the nut; but alfo, that the fly has power to perforate it, to open 
a paflage for itfelf though I do not think that the fly ufes the fub¬ 
ftance of the nut for food. 

In others of thefe Aleppo galls, I faw no appearance of any 
living creature having been inclofed ; the reafon of which I 
concluded to be, firft, the maggot in our gall-nut, even when of 
its perfect fize, is very tender, and crufhed with the leaft touch, 
and contains nothing in it, but a whitifh fluid fubftance, fo that if 
a maggot happens to die in the nut, whether from the juices 
being too acrid, or the nut too hard, in fuch cafe, the fubftance 
of the worm may fo dry away, as to leave no traces behind it. 
In the next place, a maggot, when grown to a confiderable fize, 
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may pierce a large veiTel in the leaf, and afterwards fliift itfelf to 
another place, and out of the large vellel fo wounded, a gall-nut 
may be produced without any maggot in it. Tlie gall-nuts 
which are formed without any infeds in them, are generally the 
heavieft, by reafon that they have not any cavity made in their 
infides. 

With regard to my preceding obfervations on this fpecies of 
fly, I was the more confirmed in my opinion, upon recoiledion 
of w^hat I have obferved of the like kind in divers trees, and par¬ 
ticularly the wallow ; on the leaves of which I have feen certain 
green tubercles or fw^ellings, on opening w'hich I have found 
animalcules within them, fome of which w^ere alive, and others 
dead ; all which I doubted not w'ere produced by maggots hatched 
from the eggs of the flies of the fame fpecies as thofe wdiich 
I had found in fuch tumours or fwellings. For it is with me an 
eftabliflied principle, that no living animal, whether worm, fly, 
gnat, or mite, can be produced from the mere juice or leaf of any 
tree or plant, nor from corrupted or decayed fubflances. 

I have caufed a drawing to be made of thefe galls, as they grow 
or are produced on the leaves; and in Plate V. Jig. 17, A B C D, 
is reprefented an oak leaf, with that fide upw^ards, which, when on 
the tree is undermoft ; for I never law any of thefe galls on the 
upper fide of the leaf; the reafon of w hich I take to be, that if 
the maggot w^as placed-on the upper fide, and expofed to the fun’s 
heat but for a fliort time, it would, by reafon of its fmallnefs, be 
dried up and perilh. On this leaf are feen two large galls, and 
tw'o fmaller ones, at the letters E, F, G, H. 

Fig. ]8, 18, exhibit a gall-nut cut in half, wherein, at N, N, 
appears the cavity, in w'hich the maggot lay ; fome of thefe 
maggots, of different fizes, are fhewn at I, K, L, M. 

Fig. 19, fliew^s one half of a gall-nut, with the fly in it, which has 
opened to itfelf a pafl'age from the cavity as far as the furface of 
the nut, and at fg. 20, is the other half, exhibiting the cavity in 
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the center, formed by the maggot, and the perforation to the cir^ 
cumference made by the fly. 

Fig. 21, is the fly bred in this gall-nut, whofe body is not quite 
lb large as reprefented in this figure, but the wings are of the 
fame fize as they appear here. 

After thefe obfervations, in the month of January, I again went 
in fearch of gall-nuts, upon the leaves of the young oaks, and 
thofe which hung near the ground ; and I found a great number 
of them, although the leaves were very much dried : in many of 
thefe galls I faw the perforation through which the fly had iflued ; 
in others of them I found living flies, and in others, living mag¬ 
gots. 

Some of thefe galls I placed in my clofet, and opened them at 
different intervals of time, and I always found either the maggot 
in them alive, or a hole, through which the fly had iffued : ten 
of thefe I kept till the end of April, and upon opening them, I 
found them all perforated with holes, and the flies which had 
iflued from them, lying dead. 

While I am on this fubje 61 :, I can not forbear to mention, that 
in the autumn there were brought to me a parcel of round!fli 
fubftances, which, were gathered from thiftles, and therefore, 
called thiftle-nuts. Many of our countrymen carry thefe nuts 
in their pockets, under a notion that while they wear them, they 
fhall be free from the diforder called the piles, particularly if every 
year, they throw away the old nuts and procure frefh ones (which, 
it is faid, do not grow in our province). And fome fay, that there 
is a maggot in thefe nuts, and that while it lives, the before men¬ 
tioned virtue remains in the nut, but upon its dying the virtue is 
loft. 

As foon as I faw thefe fuppofed nuts, I concluded that they 
were produced, as I might fay, by accident; and that their virtue 
againft the piles was a mere imagination. And upon examining the 
nuts, I found that there was not one of them which had not one, 
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two, three, four, and fome as many as feven or eight cavities 
in it, each cavity containing a fhort, wliite aurclia, or chryfalis, 
formed of many joints like rings; thefe aurelias were aimoh all 
alive, and I judged them to have been produced from maggots, 
the offspring of fome fly or fuch like iiifc 61 :, which had laid its 
egg on the thiftle ; and that thofe maggots having pierced the 
veflels of the thiftle, while in the flouriflaing time of its growth, 
had occafioned a copious effufion of juices, by means of which a 
tumor or fwelling had been formed upon the thiflle, which had 
inclofed the maggot, and formed a folid fubftance round it. And 
upon further profecuting this fubjedf, to elucidate my own pofi- 
tion that thefe nuts had been produced by means of maggots, I 
opened feveral of them at different times in the fucceeding winter, 
preferving the aurelias ; and at length, towards the end of the 
April following, they produced a fpecies of black flies, different 
from any I had before feen, for the hind part of their bodies ter¬ 
minated in a point, forming a kind of fheath, wherein was con¬ 
tained a finall fling. 

I thought it would not be amifs, to exhibit to the view, the 
fliape and make of thefe nuts, in order to fhew the fizes of them 
and of the cavities they contain; and alfo how far, fancy and 
imagination will go w-ith fome people. 

Plate V. fig. 22, 23, 24, reprefent three of thefe thiflle-nuts 
dried, and of different fizes. 

Fig. 25, is one of the fame nuts, cut open on the fide, where 
may be feen two cavities, one of them, at A, containing an aurelia. 

Fig. 26, is the fly produced from this aurelia. 

Fig. 27, is a thiftle-nut cutacrofs, fhewing feven cavities, wherein 
the aurelia had lain. 


END OF THE FIRST PART, 







Of an Animalcule or fmall living creature, which is fometimesfound in 
the livers of Sheep and other beafts, 

TTo make my obfervations on this fubje6l the more intelligi¬ 
ble, I fhall place them in the following order : Firfl, as to the 
fhape and make of this animalcule ; Secondly, the part of the intef- 
tines where it is found ; Thirdly, its numbers, and the manner of 
its propagation ; and Fourthly, how thefe creatures, and other ani¬ 
malcules of a fimilar nature, by fixing themfelves in the liver and 
other internal parts of the body, can produce certain difeafes, and 
their fatal confequences. 

Firfl, as to the fliape and fize of this creature, and its fimilitude 
to other known animals ; it bears a near refemblance (in miniature) 
to our foie or flounder, as appears by fig. A, which reprefents it of 
the fize it is commonly found ; this figure fhews the back or promi-* 
nent fide ; and fig. B, the belly, or flat fide of it. C is one of the 
young of the fame fpecies, fliewing the back, D the belly of the 
fame ; E and F are figures of the fame creature, fomewhat magni¬ 
fied, and fhewn in the pofitions before mentioned. 

Thefe animals are not often feen alive, becaufe the difeale they 
produce does not always fhew itfelf by outward tokens, and the 
beafi: afflidfed with them, fometimes feems fat and in good health, 
and then the liver is not perhaps examined till fome time after the 
beafi: is killed; and thefe creatures cannot endure cold, but if by 
being, expofed to it they are deprived of motion, they will revive, if 
the liver be held ill a warm hand or put into warm v/ater. Their mo¬ 
tion is undulating or wriggling like that of the filhes before men¬ 
tioned, their colour a yellowifli brown, the belly quite flat, and 
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much paler coloured than the back, tlie fkin rough and covered 
with prickles or points, and fo tranfparent, that the bowels and vef- 
fels may plainly be feen on both fides. Tlie head which is fliewn 
confiderably magnified, at letter G, is of a pointed form, plano¬ 
convex, that is, rounding above and flat below, the mouth proje6t- 
ing, open, and 6f an oval fhape, nearly in fcifliion like a carp. The 
eyes, which are pidlured feparately at H and T, are very prominent, 
and furrounded with a cartilaginous or griftly ring, which is Ihewn 
at K, and they are placed, as we fee in many flat fillies, both of them 
on one fide of the back, with a divifion between them. 

The heart is fo near to the head, and the bowels fo clofely con¬ 
joined to the heart, that I queftion whether there is any thing, pro¬ 
perly to diftinguifli the head from the reft of the body, which yet in 
moft animals are feparate and diftiiuft. From the heart, arife two vef- 
fels fpreading over the whole body, with a wide fpace between them, 
extending almoft the whole length of the back, as reprefented at 
letter L, and between thefe veflels are many fmaller ones, as fliewn at 
M, which are fo minute that no moifture can be difcovered within 
them. I obferved in the larger veflels two forts of juices, namely, in 
fome a yellowifh brown, and fometinies a kind of purple; in others a 
pale green, both of a glutinous or flimy nature, and yet flowing in 
the veflels even after the death of the animal, towards the heart, if 
held up by the tail, and back again, upon the head being raifed. 

The excretory diuT, or paflage of the bowels, is in an unufual 
place, being on the right fide of the body, clofe under the head, 
for which reafon the inteftines are as it were, crowded together in 
an heap. There is a fmall protuberance at the beginning of the 
bowels, which I take to be the liver, and between this and the 
bowels, I find in all of thofe animalcules which I have ex¬ 
amined, an innumerable quantity of oval particles, hundreds of 
which, taken together, are not equal to the fize of a grain 
of fand. They are of a pale red colour, and I take them to 
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be the fpawii or eggs, Notwithftanding my moil diligent exami¬ 
nation of thefe creatures, I never could difcover any difference of 
fexes ; and it feems to me moft probable, that they are of that 
Ipecies called Hermaphrodites, or every one equally prolifick; at 
leaft, none has ever fallen into my liands which appeared plainly to 
be a male.. The tail, though of the fame texture with the reft of 
the body, is much tenderer, breaking or tearing upon the ftighteft 
touch. 

The parts in feveral animals wherein I have hitherto found thefe 
creatures, are only the veffels, tubes, and channels wherein the 
gall is formed and collected, though moft commonly in the liver; 
and here they may be faid to fwarm, producing grievous fwel- 
lings, callofities, contorfions, and finufes in the part; and cavities, 
which will be often found an inch and an half in diameter. In thefe 
parts thefe noxious animalcules are found in heaps, and the places 
where they lie, become hard and cartilaginous. In the fmall gall- 
du 61 ;s they lie longitudinally, and fometimes rolled or curled up to¬ 
gether ; and I believe that many perfons have hereby been led 
into a miftake refpe( 5 ting the fhape of them, defcribing them 
to be oblong, round worms ; but in truth, however clofely they 
may be thus rolled up, they will fpread open again, even after they 
are dead, upon being thrown into warm water, for then they re¬ 
cover their flat fliape^ but at the fame time they become rather of a 
paler colour than they originally were. 

Thefe creatures are commonly found in great numbers, though 
in this particular they vary much, as it depends on their having 
had more or lefs time to propagate ; I have taken out of one liver, 
870 in number, befides many fragments, and exclufive of thofe 
which were cut in pieces or deftroyed in opening the liver. And 
in another liver I have feen but ten or twelve. 

They are found in many difterent kinds of beafts. I have been 
as 
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informed by Hunters, that they have found them in Stags, wild 
Boars, and other kinds of game, both great and finall. I myfelf 
liave Icen them frequently in Calves, and once in a young Bul¬ 
lock. Sheep are infeded by them even from the womb of the 
parent, and Lambs of a year old and upwards, as well as aged 
Sheep. 

As to the produclion and propagation of thefe animalcules, 
I confider as idle tales, what fome writers aflert, of their being ge¬ 
nerated by putrefadlion or decayed fubdances, immoderate wet 
or heats, and other equally fenfelefs imaginations; and I lay it 
down as a certain truth, that thefe, as well as all other fmall 
living creatures, are produced from their like, by the means of 
eggs, leed, or fpawn, according to the nature implanted in them 
at their fird creation. And it feems to me mod probable, that 
thefe animals, with their eggs, find their way into the bodies of 
Sheep, (and which we may fuppofe to be the cafe alfo with other 
infedts and their eggs,) in the following manner ; namely, that in 
wet fummers and autumns thefe animalcules, which are originally 
bred on the furface of the earth, may, with the water in which 
they live, be fwallowed by the Sheep; and I have been confirmed 
in this opinion by converfing with Countrymen, Huntfmen, and 
Butchers, on the i'ubjedf. But I am not of the opinion that 
after being fwallowed, they do themfelves force their way 
out of the domach and bowels into the gall-bladder ; I rather 
conclude, from reafon and my own experience,* that their fpawn 
or eggs may, with the oily part of the chyle in the infedfed bead 

* It muft feem Grange to us that a creature, originally bred in the water, fliould find a 
proper receptacle for its life and growth in the warm bowels of an animal; and yet we 
daily fee leeches, which are alfo bred in the water, and perfedly cold themfelves, fuck the 
warm blood of the human fpecies with an avidity fcarccly to be paralleled. But, as 
Mr. Leeuwenhoek, in one part of his works obferves, we may wonder at thefe operations 
pf Nature, but admiration, and nothing more, will be the refult of our cogitations. 
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be carried into the vehels of the gall bladder, and there fix them- 
felves ; forafinuch as thefe vefiels are lined with a llimy and te¬ 
nacious fiibftance, and alfo becaufe the gall is not like the blood, 
in continual circulation, but is retained in its vefiels, or emitted, as 
the calls of the animal oeconomy require. Again, they are found 
fwarming in the liver, where they produce tumours and callofities, 
and caufe the colour of it to change. And it feems to me not at all 
I'urprizing that thefe animalcules Ihould live and be nourifiied in the 
juices of the gall, for every living creature has a fituation and I'pecies 
of food peculiar to itfelf. Sea-fifii die in frefli, and river-fifii in fait 
water. ^ A worm cannot live in the air, and a fowl expires in the 
earth. Wiiat wonder is it then that the creature of which we are 
treating, when introduced into the body of another animal, fliould 
find its peculiar place of life, growth, and increafe, in the velTels of 
the gall, and in the gall itfelf 

In the lafl: place, like as we experience, that many living crea¬ 
tures are found in the human body, producing difeale, pain, and 
death itfelf; fo it is my opinion, that the animalcules of which I have 
been treating,, and which are fometimes found together by thou- 
fands, may produce the follovv^ing mifchievous confequences : 

Firft, the extraordinary difienfionof the parts where they harbour, 
as w^ell by the growth and increafe of their own bodies, as by the 
multiplication of their fpecies or brood. 

Secondly, by their biting or gnawing the parts they infeft, fo as at 
length to break or deftroy their texture ; and thus wholly, or in 
part, render them incapable of performing their fun 61 :ions. 

Thirdly, by forcing their bodies into the fmall tubes, and vefiels, 
whereby the delicate frame of thofe tender parts is torn afunder. 

Fourthly, by obfi;ru(Ting the pafiages in the vefiels, whereby the 
circulation of the juices is prevented, and an inflammation enfues. 

Fifthly, by devouring and confiiming the nuUdtive juices, whereby 



the adjacent parts are deprived of their fupport and nourifh- 
ment. 

Sixthly, by clogging tlie veflels with their excrements, their eggs 
or fpawn, and the bodies of fuch of the animalcules themfelves as die, 
whereby the motion of thofe parts being impeded, the moft fatal con- 
fequences follow. 

There are many other ways in which thefe creatures may prove 
noxious to animals, but thofe which I have here enumerated may be 
fufficient to give an idea of the reft. 

He, tlien, who can find out and pradfife a method whereby, with¬ 
out injury to the parts of the body where thefe vermin harbour, can 
prevent their gnawing the parts, their creeping about in the inteffines, 
and, what is worfe, their dying there ; or rather, can difeover howto 
expel them, while alive, out of the body, will in this refpedf bid fair to 
effedl a cure. It is laid down as a truth, that a diftemperature of the 
blood and juices, whether proceeding from an ill conftitution thereof, 
or from an interruption in the circulation, can caufe many difeafes 
and their ill confequences; but mull it therefore be deemed unrea- 
fonable to attempt proving, that animalcules being found in the 
juices, or even in the more folid parts of the body, may alfo produce 
difeafes ? The firft of thefe points is mere matter of theory or argu¬ 
ment ; of the fecond, more certain proofs can be brought; coiTfe- 
quently, it feems more rational, that thofe perfons, v/ho altogether 
rely upon their experience, fhould, in their enquiries, diligently in- 
veftigate the reafons on which they found their opinions. 

I forbear to fay any more on this fubjedf, forafrhuch as what I have 
written is only for the improvement of medical knowledge, and as 
an incentive to the laborious enquirers after new difeoveries in fei- 
ence, the field of which, is indeed indefinite. 



ADDITION, BY THE TRANSLATOR. 


IT is proper to inform the Reader, that the preceding Eflay has 
not Mr. Leeuwenhoek for its author, but is taken from a letter writ¬ 
ten to him on the fubjedl by G. Bidloo, a profelhonal gentleman at 
Leyden, under date of the 21ft March 1698, and publilhed in the 
Dutch Edition of Mr. Leeuwenhoek's Works, though it does not 
appear in the Latin Verfion ; but, as the fubjedl is interefting, and 
probably this Effay has not before appeared in any otlier than the 
Dutch language, the Tranflator thought that it might be acceptable 
to the Englifli Reader. 

Since the perufal of this ElTay, the Tranflator has had opportuni¬ 
ties of converfing with feveral judicious Gentlemen, who are conver- 
fant in the grazing of Sheep, from whom he has colledled the follow¬ 
ing particulars : 

That in very wet feafons, particularly towards the latter end of 
the year, a fpecies of grafs fprings up in the low and wet lands, by 
feeding on which, the Sheep are fuppofed to contradf the diftemper 
called the Rot. That, if the rains do not abound, until after the win¬ 
ter froft has been experienced, the Sheep are not then obnoxious tp 
this difeafe, but other wife, if a wet feafon precedes the froft ; and 
laftly, that Sheep infe6led with this difeafe, do, for a time, appear fat 
and healthy, but, when the diforder gets to a height, they fall away 
rapidly. 

Thefe particulars feem to prove, that the difeafe called the Rot 
in Sheep, does in fa6l proceed from the animal defcribed in the 
preceding Eflay, which, being bred in the water, and adhering, with 
its eggs, to the grafs growing in watery places, is fwallowed by the 
Sheep. And, it is probable that when tlie froft precedes a wet fea- 
fon, the animalcules and their eggs are killed by the froft, and con- 
fequently the Sheep efcape: we may alfo conclude, that while this 
noxious animalcule is in an infant ftate in the bowels of the Sheep, 
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it may not be particularly izijurious, but when it arrives at a fize 
to prey upon the liver, lirft, a ficknefs, and wafting in the animal, 
and afterwards, death muft enfue ; and the Tranflator has been in- 
formed by a gentleman^s Gamekeeper, that he has frequently found 
Hares, dead of this difeafe, and that upon opening them, hundreds 
of the animalcules were found in their livers. 

Thefe particulars the Tranflator thought proper to notice, leaving 
it to thofe who are qualified, to exercife their medical Ikill in the dif- 
covery of a remedy for this fatal dlftemper. 

The animalcule before deferibed is called in fome parts of England 
a Fluke, in others a Loop, but moft generally a Flounder, probably 
from the refemblance it bears to the fifh of that name» 
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INTRODUCTION to tbs SECOND PART. 


As I have entitled this Trandation, The Difcoveries of the Author 
in many of the Works of Nature, (a word ufed by himfelf,) I fhall 
take the liberty to lay before the Reader a few words, refpedling the 
idea we ought to annex to that exprefTion. 

By the word Nature, here ufed, I underhand that unfeen power 
whereby different parts of Matter are brought together, and, by 
their various combinations and modifications, produce thofe bodies or 
fubftances which we obferve on this terraqueous globe. Matter, is 
that Something, of which bodies are compofed, and I call it Some¬ 
thing, becaufe its primary or original particles are fo minute as to be 
entirely undifcernible by us ; and it is not until they are combined or 
colledted in larger portions that they become objebts of our fenfes. 
This is capable of demonflration many ways. For example. Earth, 
which, in itfelf, has little either of tafte or fmell, produces herbs, 
flowers, and fruits, pollefling an endlefs variety of taftes and odours ; 
and not only fo, but of natures entirely different from each other, the 
fame fpot of earth which produces wholefome herbs for our tables, 
bringing forth alfo the mofl: noxious plants, according to the qua¬ 
lity of the feed or plant committed to it: And yet, we cannot trace 
thefe various taftes and odours, nor thefe wholefome and noxious 
properties, in plants, to any other original than the fame common 
parent Earth, aided by fuch fupplies as they receive from the other 
'^elements. Herbs, taken into the ftomachs of animals, are converted 

* Water, it is well known, is eflential to the growth of plants, neither will they vegetate 
without a fupply of air, a fluid eight hundred times lighter than water; and, it is the opinion 
of Sir Ifaac Newton, that light, which is beyond all conception more rare and fubtile than air, 
does enter into the compofition of bodies. 
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into the flelhy parts of their bodies, and even compofe the folid I'ub- 
ftances of the bones and teeth ; and all thefe vegetable and animal 
fubftances do, by putrefa6lion, return to the general mafs of Matter 
from which they were firfi: formed, and enter into the compofition of 
new bodies. Again, water evaporates, or is carried up into the at- 
mofphere, in particles fo fmall as to be invifible to us ; and even mer¬ 
cury or quickfilver, the heavieft of all fluids, upon the application of a 
moderate degree of heat, flies off' in vapour, and, unlefs confined by 
fome folid body, fuch as a chemift’s retort, wholly difappears. Ar¬ 
guing then, from thel'e appearances, we miift conclude, that the 
elementary or original particles of Matter, are not, as fuch, difcovera- 
ble by us. And, as far as ocular examination can reach, Mr. Leeuwen ¬ 
hoek has given it as his opinion, that, were he able, by the help of 
glafl'es, to difcern obie6ls, millions of times fmaller than thofe his 
microfcopes difcovered, he fhould ftill fail of tracing bodies to their 
original component particles. 

Some Philofophers have fpent much time in arguing on the infinite 
divifibility of Matter, and in propofing ftrange * theories refpedling 
its inherent properties. But herein, they feem to have exercifed their 
wits, without much improving their underftandings ; for furely, it is 
of no utility to propound queflions, which cannot pofiTibly be brought 
to the tefl: of experiment. In oppofition to thefe vain fpeculations^ 
how wife, and, at the fame time, how modefl, are the words of Sir 
Ifaac Newton: “f ‘‘ It feems probable to me, that God in the Be- 
“ ginning, formed Matter, in folid, mafl'y, hard, impenetrable, move- 
able particles, of fuch fizes and figures, and with fuch other proper- 
ties, and in fuch proportion to Space, as moll conduced to the end for 

* Such as that of fuppofing the cohefion of bodies to be caufed by their particles being 
formed with little hooks; and, that repulfion proceeds from other particles being made like 
hoops rolled up, and afterwards expanding themfelves, 
t Newton’s Opticks, Qu. 31, near the end.. 
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which he formed them; and, tliat thei’e primitive particles being 
Solids, are incomparably harder than any porous bodies compounded 
of them, even I’o very hard as never to wear or break in pieces ; 
“ no ordinary power being able to divide, what God himfelf made one 
‘‘ in the firfl; Creation. While the particles continue entire, they may 
compofe bodies of one and the fame nature and texture in all ages ; 
but, Oioiild they wear away or break in pieces, the nature of things 
depending on them would be changed. Water and Earth, com- 
“ pofed of old worn particles, and fragments of particles, would not 
“ be of the fame nature and texture now, with water and earth com- 
‘‘ pofed of entire particles in the Beginning. And therefore, that 
“ Nature may be lading, the changes of corporeal things are to be 
placed only in the various feparations and new aflbciations and mo- 
tions of thefe permanent particles ; compound bodies being apt to 
“ break, not in the midft of folid particles, but where thofe particles 
“ are laid together, and only touch in a few points.” This feems to 
be the ne plus ultra, or utmoft extent of human fagacity, terminating 
in a conclufion, worthy of that great Philofopher and good Man. In 
conformity to which, I think we may fay, that the particles of Matter 
are (not infinitely, but) indefinitely fmall, or, in other words, fo 
minute as to be, fingly, invifible to us, though collecftiveiy, they are 
the daily objedls of our fenfes. It now remains to confider the pro¬ 
perties of Matter, or, the means by which its particles are brought 
into a6lion. 

The Honourable Mr. Boyle has written an Efiay on this fubjedf, 
wherein he refutes the error of the ancient heathen philofophers, and 
their followers among the moderns, the Schoolmen, who figured to 
tliemfelves, an a 61 :ive, intelligent Being, which they called Nature ; 
fubordinate indeed to the Deity, but yet, prefiding over the mundane 
Syftem, and diredling its operations. He fliews, in a variety of in- 
ftances, that the fuppofition of fuch a Being, is infufficient to folve 
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the different phjenomena in the fyftein, and, that it detradls from the 
honour of the Author and Governor of the World : And he gives us 
his opinion on the fubjedl, in thefe words : * ‘‘ Since the prefent is a 
phiiolophical enquiry only, we fhall only, at prefent, confult the 
“ light of reafon in the formation of the World, which might proba- 
“ bly, be after the following manner. The great and wife Author of 
things, firft forming the univerfal undiftinguifhed Matter, put its 
feveral parts into various motions, by which they muft needs be di- 
vided into innumerous particles of different bulks, figures, and fitu- 
ations ; guiding and over-ruling the motions of thofe parts, by his 
wifdom and power, fo as to difpofe them into that beautiful and' 
orderly frame we call the World ; fome being fo contrived, as to 
“ form feeds, or the feminal principles of Plants and Animals. Be- 
« fides, he fettled fuch laws or rules of local motion, amongfi: the parts 
of Matter, that, by his ordinary concourfe, the parts of the Univerfe 
once compleated, fhould continue the oeconomy of the Univerfe, and' 
propagate the fpecies of living creatures." And again, he fays. 
If we fuppofe the univerfal laws of motion to be eftablilhed, and 
“ that, by their conventions, the feminal principles of various things 
« were contrived, by the local motion of Matter, Ikilfully guided at the- 
‘‘ beginning, and that God’s ordinary and general concourfe, contri- 
‘‘ buted to perfedl the Univerfe, and continue it fo, there is no need of 
« any difiina powerful intelligent Being to afiift him, as Nature is 
reprefented ; fince the Phenomena which occur, will flow from the 
‘‘ mere fabrick and conflitution of the World." 

The learned Dr. Mead has a pafiage on this fubje 61 : of Nature, 
when applied to animated bodies, which I the rather quote, as it con¬ 
tains a reproof to thofe vifionary philofophers I have mentioned. 

+ “ Whereas the Word Nature, is made ufe of by Phyficians, in 

* Enquiry into the received notion of Nature, 
t Mead on the Small Pox, Chap, Ik 
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the cure of all difeafes, I will here, once for all, plainly declare my 
‘‘ fentiments of what we ought to underhand by that word. That 
“ there is fomething within us, which perceives, thinks, and real'ons, 
“ is manifeft beyond contradidlion : And yet, the nature of that 
fomething, cannot be fully and perfe 61 :ly comprehended in this life, 
“ Wherefore I fhall refign the difquifition of this point to thofe, who, 
“ while they know too little of, and care lefs for, things falling under 
“ their fenfes, take great pleafure in inveftigating thofe things which 
‘‘ human reafon is incapable of conceiving. However, thus far the 
foundeft philofophers agree concerning it, tliat it is fomewliat in- 
“ corporeal. For, how can fluggifli Matter, which is, of itfelf, void 
of all motion, be the fource and firfl: caufe of thouglit, the moft 
‘‘ excellent of all motions ? Wherefore, it is fufficiently evident, 
“ that this firfl mover within us, is a fpirit of feme kind or other, en- 
“ tirelv different and ieparable from terreftrial matter, and yet, moft 
“ intimately united with our body.” 

“ Moreover, to me, it feems probable, that this adlive principle, is 
“ not of the fame fort in all; that tlie Almighty Creator has en- 
dowed man with one fort, and brutes with another; that the for- 
“ mer fo far partakes of a divine nature, as to be able to exilt, and 
“ think, after its feparation from the body ; but that the latter is of 
“ fiich an inferior order, as to perifh with the body.” 

“ Now this matter, if I am not miftaken, ftands thus : Such is the 
‘‘ compofition of our fabrick, that when any thing pernicious has got 
footing within the body, the governing mind gives Inch an impulfe 
‘‘ to thofe inftruments of motion, the animal fpirits, as to raife 
“ thofe commotions in the blood and humours, which may relieve 
“ the whole frame from the danger in which it is involved. And 
this is done in fo fudden a manner, that it fhould feem to be the 
“ eft'edl; of inftin 61 :, rather than voluntary motion, though it be ef- 
“ fedfed at the command of the adtive principle. And, indeed, thofe 



very motions, which are commonly called natural and vital, as 
thole of the heart, lungs, and intellines, which perfevere through 
the whole couri'e of life, even when the will cannot be concerned 
“ in them, as they have their beginning from the mind, fo they are 
‘‘ perpetually under its direiffcion.” 

Sir Ifaac Newton, in that part of his works above quoted, ex- 
preifes himfeif as follows ; “ All material things feem to have been 
“ compofed of the liard and folid particles above mentioned, varioufly 
allbciated in the firfl creation, by the counfel of an intelligent Agent. 
“ For, it became him who created them, to let them in order. And, 
“ if he did lo, it is iinphilol'ophical to feek for any other origin of the 
“ World, or to pretend, that it might arife out of a chaos, by the 
“ mere laws of Nature ; though, being once formed, it may continue 
“ by thofe laws, for many ages. For, while Comets move in very 
“ eccentrick orbs, in all manner of pofitions, blind Fate could never 
“ make all the Planets move one and the fame way, in orbs concen- 
“ trick, feme inconfiderable irregularities excepted, which may have 
“ arifon from the mutual aaions of Comets and Planets upon one 
“ another, and which will be apt to increafe, till this Syftem wants 
a reformation. Such a wonderful uniformity in the Planetary 
“ Syftem, muft be allowed the effea of choice. And fo muft the 
“ uniformity in the bodies of animals, they having generally, a right 
“ and a left fide, fhaped alike, and, on either fide of their bodies, two 
legs behind, and either two arms, or two legs, or two wings before 
upon their flioulders, and, between their Ihoulders, a neck run- 
ning down into a back bone, and a head upon it j and, in the head, 
“ two ears, two eyes, a nofe, a mouth and a tongue, alike fituated. 

Alfo, the firft contrivance of thofe very artificial parts of animals, 
“ the eyes, ears, brain,mufcles, heart, lungs, midriflF, glands, larynx, 
“ hands, wings, fwimming bladders, natural fpeftacles, and other 
" organs of lenfe and motion, and the inftindl of brutes and infers. 
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can be the effe6l of nothing elfe, than the wifclom and fkill of a 
“ powerful ever living Agent, who, being in all places, is more able, 

by his will, to move the bodies within his boundlefs uniform 
‘‘ *Senforium, and thereby to form and reform the parts of tlie Uni- 
“ verle, than we are, by our will, to move the parts of our own 
" bodies/" 

I hope I may be permitted to add to the opinions of thefe great 
men, an obfervation, which, I think, muft have occurred to them,, 
though they have not particularly mentioned it, except Sir Ifaac 
Newton, in the laft lines of the pallage I have quoted from liim. The 
laws of motion which, according to Mr. Boyle, were eftablilhed at 
the Beginning, and afterwards continued, by what he calls, “ the 
“ ordinary concourfe of the Creator,"" and which principles are fliled 
by Sir Ifaac Newton, the laws of Nature,"" cannot have any force 
without the fame exertion of power to fupport them, by which they 
were atfirft created. Nor can the incorporeal mind or fpirit, menti¬ 
oned by Dr. Mead, preferve its adlivity without the continued influ¬ 
ence of the Supreme Mind. For, the cafe is not analogous to what 
may befuppofedof a workman, conflru6ling a machine, which fliall 
for a length of time continue in motion, without his intervention; 
nor to that of a mafter, giving diredfions to his fervants to perform, 
what they afterwards accomplifli of themlelves. For, in the one 
inflance, the machine, if its fir ft mover be a w^eight, is kept going 
by the law of gravity, and, if a fpring, by the power of elafticity, 
both which are entirely independent of the w^orkman; and, in the 
other inftance, the fervant executes his mafter"s commands by vir¬ 
tue of the powers of felf volition and a6f:ion he polTelTes, independent 
of that mafter, though, for the time, he willingly applies thole powders 
to the accomplifhment of the talk afligned to him. But, we cannot 

* Senforium, means the feat of confcioufnefs, or perception in animated Beings j and, when 
applied to the Deity, his Omniprefence makes it to be every part of Space. 



conceive any active principle to exifl, in either Matter or Spirit,\vith« 
out the lupport of the firft Caufe ; for this would be to fuppofe more 
than one adfive independent Exiftence, which Dr. Clarke has proved 
to be the greateft abfurdity.* Upon the whole, when we inveftigate 
this fubjedf as far as our faculties will extend, we cannot do otherwife 
than refolve all, that we call the operations of Nature, into the con¬ 
tinual agency of the firft Creator. And, though we are loft in the 
idea of Inch boundlefs andinceflant energy, we are equally fo, in the 
contemplation of any other of the Divine Attributes, forafmuch as 
finite capacities cannot comprehend Infinitude. 

While we poflefs thefe fentiments, and keep the idea of Nature, 
and the Author of Nature, connedfed, (which it is not eafy for a 
refledling mind to feparate) I cannot, for my part, but approve the 
t perfonifying figure, which I think more decorous than to name the 
Deity on every trivial occafion; and Mr. Leeuwenhoek feems to 
have been of this opinion, for he frequently ufes the expreftion 
“ de voorfichtig Natuur’' z. e. provident Nature, but when the won ¬ 
ders he difcovers excite his admiration, that admiration is always di¬ 
rected to the Creator. 

* Clarke’s Demonftration of the Being and Attributes of God. 

t The Antients piaured Nature in a female form, to denote her fruitfulnefs; and, with 
tnany breafts, to typify the abundant provifion made by her for her different produdions. 



* The Author s opinion and reafo?ii?ig refpedting the formation of that 
fpecies of fuel which is called Peatf^ and alfo zvith regard to the trees 
dug out of thofe places zvhere Peat is found: from whence he takes occa- 
Jion to propofe and difcufs a quejiion, whether the Sea may not, in 
procefs of time, become more elevated in refpedl of the Land. 


I HAVE heard many peiTons deliver their fentimeiits, refpe6ling the 
manner in wliich that fubftance called Peat was produced in this 
country of Holland. The general opinion is, that the place where 
this Peat is found was, in former ages, nothing but a wood, and that 
the falling leaves and fmaller branches or twigs of the trees, colle6ling 
together on the earth, did in procefs of time, produce this fubftance, 
which is by us called Veen. It is alfo believed, that thofe trees, 
numbers of which are found among the Peat, formerly grew in the 
fame place, and were all blown down by fame violent temped of wind 

♦ In this EfTay, the Author departs from his ufiia! method of inveliigating the works of 
Nature by the microfeope, and proceeds upon theory. It will be feen, however, that he 
does, in one inftance, draw a very ftrong argument in fupport of his hypothefis, from microf- 
copical examination. 

t The words Peat, and Turf, are foraetimes ufed promifeuouny, though their true 
meaning is very different. Turf, properly fo called, as denoting an article of fuel^ is 
compofed of the thick roots of grafs, pared off the furface of the earth on commons, and 
dried in the fun. The bark of oak, after it has been ufed by the tanners, made up into 
fquare pieces or cakes, and dried, is fold in London for firing, under the name of Turf. But 
Peat, of which the author here treats, is.found under the furface of the earth, fometimes to 
a confiderable depth. 
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from the North - Weft, and that for this reafon, the roots of all the trees 
fo dug up at this day do point towards the North-Weft. 

Thefe opinions I have often controverted : for how can it be 
imagined, that fo great a quantity of Peat could be produced from 
trees ftanding together in a wood ; inafmuch as Peat is in fome places 
found collehfed to the thicknefs of ten or twelve feet, and fometimes 
more ? Neither can it be conceived, how thofe large oak trees, which 
are now found, lying in the midft of the Peat, could ever have grown 
to their full fize in fuch a foil, for, a common ftorm of wind would 
liave been fuificient to blow them down. 

Again, it is well known, that thofe trees which are found at a confi- 
derable deptli in the Peat never have on tliem the fmall branches on 
the ftem, nor any fmall ramifications on the roots, and all thofe fmall 
light branches of alders and willows which are found in Peat, are not 
(as far as I have ever known) firm or folid in their kinds, but very 
mucli decayed, the fame as if they had been for feveral years expofed 
to the air, or had died and withered on the trees, or were almoft rotten. 
'Thefe decayed portions of wood cannot, as I conceive, have grown in 
the places where they are now found, but muft have been carried 
thither by fome flood, or ftream of water, and that they either floated 
on the water, or had lain expofed to the air for feveral years, and 
therefore may properly be denominated decayed wood; and I 
remember, that on handling fome pieces of willow about the thick- 
nefs of a finger, which I myfelf faw dug up, I found them as foft and 
flexible as a withered carrot. 

Now, if thofe oak trees, which are found at a great depth in the 
Peat, had originally grown in the fame place, fuch trees would 
certainly be found with the fmall branches on their ftems and roots, 
if not in the whole, at leaft in part, and thofe not decayed, for in the 
very fame places there have been found in the Peat, hazle-nuts, with 
their fhells entire. 



( ^17 ) 

We know that thcfe trees lye eight or ten feet below the furface of 
the Peat, which furface is, in foine places, four feet lower than the fea 
at low water; liow, then, can it be conceived that thofe trees could 
have grown in fuch low lands, unlefs we fuppofe tliat the level of the 
fea was at that time full twenty feet lower than it is at prefent P 

To this may be added, what I have myfelf been an eye-witnefs to, 
that a violent ftorm from the North-Weft has fo agitated that river 
which we call Hollands Diep, or Haring Vliet, as to tear up from the 
bottom large portions of a fubftance fimiiar to our Peat, but fo light, 
as to be carried by the waves againft the banks, and there left, fome- 
times in pieces larger dian a cart-load, which fubftance I was told the 
poorer fort of people carried away for fuel. Now, it is impofiible that 
this Peat-like fubftance raifed from the bottom of the Haring Vliet, and 
which, like Peat, is compofed of leaves, fma 1 fibres of the roots of 
trees, and other vegetable fubftances (and who knows how deep the 
bed thereof may be could ever have grown in that place. 

I once faw Peat taken up from the depth of ten feet, in a watery 
place, where it had never before been dug. I examined the texture of 
it, and found it in part to confift of an herb called heath, which herb 
does not grow in our Peat-lands. And I have alfo feen Peat dug up at 
a confiderable depth under the fands, not in regular ftrata or beds, but 
in broken interrupted patches, and fometimes in a large body colle6led. 
This Peat 1 examined, and found that it confifted of leaves of trees, 
the roots of grals, the ftalks of leaves, and very fmall pieces of wood ; 
in fliort, there is no vegetable fubftance that grows wild of itfelf, but 
what, upon an accurate inveftigation, will be found among Peat. 

Some years ago, being on a journey at a fmall diftance on this fide 
of Haerlem, I faw in a meadow by the road fide, a labourer digging in 
the earth in a cavity as deep as an ordinary man's height; and, being 
curious to know what he was taking up, I alighted from my carriage, 
and found that it was Peat wTich was laid by in pieces to dry for firing. 

T 2 
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In the place where this man was digging, the Peat lay only in fmall 
parcels, or colledled portions, and near the fame fpot there was not 
any token or appearance of Peat. I was at the fame time furprized, 
to fee lying on the fand among the Peat, a certain fubftance of 
a fine blue colour, and I was told, that, near the place, it had been 
found in a larger quantity, and enough of it colledled to fill a fmall 
cafk, which had been carried away and fold. 

At another time, in pafiing through the town of Helvoetfluys, I 
obferved before the houfes of feveral poor people, parcels of Peat piled 
up to dry, and I was told that it was good fuel, but produced a difa- 
greeable fmell, and that it had been dug out in enlarging the dock for 
fliips; and on breaking fome of this Peat in pieces, I perceived in it 
fome fmall fhining particles, which induced me to carry home a fmall 
quantity of it, that I might examine it by the microfcope. 

I was informed, that this Peat was dug in a place where there had 
formerly been a dyke, or bank again ft the fea, and that the peat did not 
lye ina regular bed, but only in three places, and that under it was the 
kind of fand we call klapzand, all which, upon examination, I found to 
be as related. Hereupon I concluded, that this fand, called klapzand, 
had in former times been the fea-fliore, and that the Peat had by floods 
been brought to the three places where it was now found, and after¬ 
wards covered with fand from the fea, or that waflied down the river. 

On my return home, I examined this Peat by the microfcope, and 
found, that the before mentioned fhining particles were the feeds of 
fome plant, which, if they had been larger, might iiave been taken for 
beans, but thefe were fcarcely the fifteenth part of an inch in diameter. 
Other Alining particles I alfo obferved in this Peat, which, upon a 
more accurate examination, I found to be pieces of the fkins of thofe 
flying infedfs which are produced by tranfmutation from maggots or 
caterpillars, who hide themfelves in the earth; and, among others, I 
faw fome pieces of an infedl of the beetle kind, wliicli, as it frequently 
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creeps into the earth, has its wings covered with a kind of Ihell or 
cafe for their defence, in like manner as we obferve in thofe infects 
which are called by children cockchafers and ladybirds. 

I alfo difcovered divers pieces of the bodies of various fmall animals,, 
in v/hich I could diflinguifli thofe little cavities or fpots which are 
obferved on infedls, particularly on the cafes covering the wings; 
alfo on fome of thefe fragments I faw very minute hairs, fuch as the 
bodies of infe6fs are generally covered with, likewife fome fragments 
of wings with hairs on them. 1 found alfo a kind of Iting of fome 
infe61:, and at tlie extremity of it an aperture, fuch as is leen in the 
fling of a fcorpion; in a word, I found an incredible number of 
particles or broken fragments of infe6ls of various kinds and fizes, 
confidering the fmall quantity of Peat in which they were contained, 
fo that it may fairly be concluded, that all thofe infe61;s had been 
promifcuoufly colledted together when the earth on which they lay 
liad firfl been wafhed away. 

In the fame portion of Peat were various particles, appearing to the 
naked eye like the flalks of grafs or plants, and fuch I found them by 
the microfcope to be, and by it I plainly perceived the tubes or vefl'els 
of which they were compofed. I alfo difcovered fome few particles, 
which feemed to be the hufks of feeds, and others which I imagined 
were the rinds or bark of twigs. 

All thefe particles, of the many different kinds I have enumerated, 
were contained within the compafs of a portion of Peat not exceeding 
a cubic inch in fize. 

From thefe obfervations it appears, how incorruptible are fome 
fubftances, when buried deep under fand and water, when the fame 
fubftances being expofed to the air, and in frequent agitation, are fo 
divided and broken that they efcape our fight, and then we fay they 
perifli; and who knows whether this Peat-like fubftance might not 
have lain for fome thoufand37ears under tlie fand and fea water before, 
the place became firm land 
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It is well known, that not only in Holland, Guelderland, and Utrecht, 
but alfo on all the fea-coaft, as far as Holflein, much Peat is found; 
and if it be true, as is generally believed, that not only England and 
Scotland v/ere formerly united to Ireland, but that the Orcades, Shet¬ 
land, and Faro, and the other fmall iflands near them, were formerly 
united (which iflands being rocks, or rocky on their fliores, are able to 
I'cfift the force of the fea), and that in thefe iflands this Peat-like 
fubflance is alfo found, we can without much difficulty folve the 
queftion, if we fuppofe that thefe larger and fmaller iflands, by 
violent florins and high tides of the ocean, may have been feparated 
from each other, and that the earth or foil which was then carried 
away, was covered with various trees, grafs, and herbs ; all thefe fub- 
flances floating on the fea, might, by the tides and North-Weft winds, 
be driven to the places where they now lie; and the trees which we 
find lying with their roots pointing to the North-Weft, muft of 
neceffity be depofited in that pofition: for, as the roots of trees are 
heavier than the upper parts of the ftem, tliofe roots muft fink deepeft 
in die water, and, being dragged along the bottom of the fea, the ftems 
would be driven foremoft, and caufe the trees, when waflied on the 
land, to lye with their roots towards the North-Weft. The heavier 
fubftances, as fand and clay, which had conftituted the foil fo carried 
away by the fea, would, by their weight, fink to the bottom, and, taking 
the fame courfe with the Peat, would be thrown upon it, and produce 
a fandy fhore, as we now perceive it. 

It is further to be confidered, that our rivers, the Rhine and the 
Maes, do every year bring down with them great quantities of foil, 
and particularly in the fpring time, becaufe at that feafon, by the fun 
and rains, the fnow is melted on the tops of the high mountains, and, 
running over the lands, wafhes away with it great quantities of fand, 
clay, and earth, and thefe, by reafon of the fwift current of tliofe 
waters, find no reft until the rivers, becoming wider at their mouths. 
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and meeting alfo the flood from the fea, their current is diininiflied, 
and the fand fubfiding, produces fhallows. In thefe fliallows, the clay 
and earthy fubflances alfo fettle, becaufe in thofe places the waters 
have little motion, in proportion to what they have higher up the 
rivers, and, by this means it is well known that there is a continual 
increafe of dryland in fome parts of our (bores. 

If we obferve attentively our fea-coalfs, we fliall in fome places, even 
thofe which the fea daily breaks againft and waflies over, obferve large 
pieces of black earthy matter, very compa 61 : and clofely cohering, and 
which lye partly covered with fand, and partly overflowed every tide. 
Thefe portions of earthy matter fo depofited, produce a ftrong argu¬ 
ment, to convince us that our fliores thus waflied up by the fea, were 
not merely formed by fmall quantities of foil gradually depofited, but 
by large portions or fragments of land. And, who knows how long 
fuch fragments of land might, by reafon of tlieir gravity, lye at the 
bottom of the fea before they were thrown upon the Ihore, which, in 
all probability, could not be effedfed otherwife than by violent horms, 
and that, many years after the hioaly or fandy bottom was firlt formed. 

The magiftrates of Leyden had it lately in contemplation, if it 
could have been done, to make a channel, outlet, or o]yening for 
water, into the fea at Catwick, in the place where the Rliine for¬ 
merly difembogLied itfelf; but they four^ the undertaking to be 
impracficable, by reafon that the level of frie fea was too high at 
that fpot. This, at firft, appeared ftrange to me, as I could not con¬ 
ceive how the fea could obtain a greater altitude than in former ages, 
feeing there is not a greater portion of waters on our terraqueous 
globe, than at its firft formation. But the difticulty ceafed in ray 
mind, when I confidered, what quantities of fine fand and flime, or 
clay, are continually carried down our rivers, infomuch as to make 
firm land, where formerly it was deep water; and further, what large 
rivers there are in other parts of the world, all which carry great 
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quantities of fuch fand and dime into the fea; whereby, at tlie 
mouths of thofe rivers many levels of marflr land are produced, while 
on the other hand, mod; countries far diftant from the fea are moun¬ 
tainous. 

If we then conclude, that, by all thefe rivers, a great quantity of 
fand and earth, and whatever is heavier than the water, is depohted 
in the fea, it neceflarily follows, that the fea mud from time to time 
be more elevated. Again, by earthquakes, large portions or tradls of 
land are buried in the fea, leaving nothing but lakes in their place ; 
and v/e have indances of a volcano or burning mountain cading fo 
many rocks and dones into the fea, as to raife iflands where befoz'e 
it had been deep water. 

In the year 1692, by -an earthquake in the idand of Jamaica, a 
large fpace of land was fwallowed up, and converted into a lake; and, 
at the didance of thirty miles from the fea, two hills, by the dde of 
a river were thrown down, caufing the river to take another courfe; 
from which new channel, a great quantity of earth mud have been 
carried into tire fea: and although the coad of Norway, and that of 
Ireland, Scotland, and part of England, are rocky clids, yet their 
rivers mud continually carry much folid or heavy matter with their 
waters, and, the beating of the waves againd the cliffs, will carry 
thefe kinds of fubdances into the bottom of the fea, and fo elevate 
its furface. 

To feme perfons this adertion may feem drange, as judging that 
the great extent of the fea bears no proportion to the fmall quantity 
of earth which the rivers wadi into it; and that therefore, the fea 
cannot be fo much elevated, as to make any perceptible difference in 
feveral hundred years. 

Ill order to fet this matter in a true point of view, I have made a 
quedion with myfelf: Siippofing the mountain called the Peak of 
Teneriffe, to be funk in the fea, what elevation would it produce in 
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the general fiirface of the water ? Now, (confidering the whole of 
this globe to be one third part land, and two thirds water) I compute 
that the whole fiirface of the waters would be thereby raifed between 
one fourth and one third of an inch. And, fuppofing all the rivers in 
the world, which are very numerous,'(for according to our maps 
Spain and Portugal only, contain one hundred) do yearly carry with 
their waters into the fea fo much eartli as is equal in fize to one half 
of the Peak of TenerifFe, the fea would, in the fpace of one hundred 
years be elevated nearly two feet 

This being fo, it is not to be wondered, that we find our flood tides, 
in flrong winds from the North-Wefi:, to rife higher than they were 
known to do in former times, and that the Rhine, which heretofore 
fell into the fea at Catwick, cannot now have any outlet that way; 
and laftly, that on the fame account, we are obliged to raife our dykes 
higher than formerly. Indeed, we may conclude, that if in a courfe 
of many years, there fhould not be more fpace given to the waters of 
the ocean, by earthquakes or fubterraneous fires, producing cavities 
in the deep, the low lands near the fea will at length be overflowed. 

As to the quantity of land excavated in digging Peat, which fome 
may imagine affords room to the waters, the fpace of eartli or foil 
fo taken away, does not, in my judgment, amount to a thoufandth 
part of the fand and clay which is brought down the rivers, and be- 
fides, the places fo excavated are, for the moll part, afterwards 
xirained. 



On the effedts of Acids in the Stomach, and the ufe of Fijh Diet, with 
a particular defcription and examination of the liquor or fuhjlance 
named Runnet, which is ufed in the making of Cheefe. 


It is the opinion of many medical perfons, that various diforders in 
the human frame are caufed by acid in the homach, which coagulates 
the juices ; and fome condemn the ufe of acids, and alfo of fifli, as 
articles of food. But to thefe opinions I cannot fubfcribe, for, at a 
town in my neighbourhood, where the peoplo get their living by fifh- 
ing, and principally feed on fifh, efpecially when they are on the fea, 
tlie men are very robuft and healthy, even to a great age ; and, with 
refpe( 51 : to myfelf, I have experienced, that, when my habit of body 
has been indifpofed, I have been greatly refrelhed by eating fifli, 
with fauce compeled of a mixture of butter and vinegar, and I never 
found acid fauces difagree with me. It is alfo my opinion, that a fifli 
diet is more wholelbme than flefli, particularly to thofe perfons who 
do not ufe much exercife, becaufe filh is more eafily comminuted and 
digefted in the ftomach and bowels than flelh ; and, as flelh affords a 
more nutritious fubftance, fuch fuperabundant nutriment is, in my 
opinion the fource of many difeafes. And, I think it may be made 
appear, that the coagulation or curdling of food in the flomach, 
when caufed by acid, is not prejudicial, but rather conducive to 
health. 

In the markets which are held weekly in our town, it is ufual to 
expofe to fale, that part of the inteftiiies of calves which is called^ 
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the Maw ; this is falted, and kept in cahcs, and, with the pickle in 
which it is preferved, goes by the name of Runnet. It is piirchafed 
by farmers, and when poured on milk^ curdles it, of which curd, 
cheefe is made. Some of this pickle I purchafed, in order to examine 
it more accurately, but was obftriKRed in my enquiry, by the numbers 
of fiiline particles in it. 

I therefore purpofed to procure from a butcher, fome of the liquor 
when newly taken out of the maw, as foon as the animal was killed; 
and I was informed, that if a calf had fwallowed any milk a few hours 
before it was killed, there would be found in its maw a quantity of 
coagulated or curdled milk, which it was cuftomary for the butchers 
to take out and preferve with fait in ajar, (fome of which curd was 
fhewn tome), in order to fell the fame to the farmers, who found by 
experience that a fmall portion of this curdled milk, was of more 
ftrength or virtue for their purpofe, than the liquor in which the maw 
was pickled. 

I then went to another butcher's, where I faw the maw of a calf, 
wherein, although the animal had not fucked for the fpace of twenty 
four hours before it was killed, I perceived fome portions of curdled 
milk, larger than a walnut; thefe I caufed to be waflied in clean 
water, and carried them home with me, and I was much furprized to 
find them as hard to the touch as new made cheefe. 

This curdled milk I put into a glafs, and poured on it rain water, 
fo as to cover it about an inch, and then broke the curd into fmaller 
pieces, in order that the faline particles, if any there were in it, might 
be diffolved by the water; and, after it had flood thus for fome hours, 
I {trained the water through a filtering paper, into a new and perfe6liy 
clean glafs* 

in German, and or runnen in Dutch, mean to curdle j this gives us the 
true derivation of the word Runnet, 
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Some of this filtered water I poured on a portion of wine, in order 
to fee whether it would have any effedl on the faline particles which 
are in wine, but, after it had flood feveral hours, I could not perceive 
any alteration; I therefore determined to try the experiment with 
vinegar. And, as the vinegar which is commonly fold, is for the mofl 
part adulterated, I took white wine vinegar, which I had kept with 
marygold-leaves in it for five and twenty years, and was uncom¬ 
monly ftrong, and mixed with it a fmall quantity of the before men¬ 
tioned liquor, but I faw no other faline particles in it than thofe 
which are found in vinegar. I obferved, indeed, feveral globules of 
oil, which in all probability proceeded from the marygold flowers. 

But, when I took a fmall quantity of new milk, and mixed with it a 
very little of the before mentioned water, on bringing it before my eye 
as focn as I pofTibly could, I faw mofl of thofe round particles 
which caufe its white colour, curdled together, and an inconceivable 
number of fmaller particles, fwimming among the curdled ones, from 
whence I concluded, that thefe fmaller particles w^ere of a different 
nature from the coagulated ones ; I alfo faw in the fluid or whey 
various pellucid globules of different fizes, the fmallefl of which were 
no larger than globules of blood, and the largefl of thefe pellucid 
globules were twenty-five times thatfize ; all thefe I concluded to be 
thofe particles in the milk, of wdiich butter is compofed. 

From thefe obfervations it appears, that this liquor called Riinnet, 
which coagulates or curdles milk, does not take any effedl on wine 
or vinegar, neither of which are adapted to the food of calves. 

I w^as informed by the butcher, that the fame curdling of milk, 
took place in the ftomachs of fucking lambs ; and moreover, that if 
lambs were taken from their dams and fattened with cow^s milk, it 
would be curdled in larger quantities, by reafon, (as he judicioufly 
added) that ewes milk has more particles of fat in it than that of. 
cq^vs. 
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After this, I mixed new milk with a large quantity of Ruiinet, to 
fee whether thofe finaller particles which I have before mentioned to. 
have feen fwimming in the whey, would thereby be coagulated, but 
they ftill continued to preferve their figure. 

Upon examining the before-mentioned filtered liquor by the mi- 
crofcope, I fliw in it an inconceivable number of uncommonly minute 
particles, to which, by reafon of their exceeding fmallnefs, I could not 
give any- other name than tliat of globules. 

Whether the globules or falts in the Runnet, have fuch an effect 
on rain water, as to caiife any of its particles to coagulate, fo as to be¬ 
come vifible by the microfcope, I have not yet been able to difcover, 

I feveral times tried the experiment of pricking my finger with a 
needle, and, immediately mixed fome of this liquor with the blood, to 
fee whether any of its particles would thereby be coagulated: on 
viewing the fame through the microfcope, it exhibited a curious and 
pleafant fpedlacle of vaft numbers of the globules of blood, rolling 
one over another, but they were fo far from being coagulated by the 
mixture, that they feemed more fluid than before.. 

After this mixture had flood about the fpace of half a minute, I 
perceived in it many fmall pellucid particles, which by degrees grew 
larger, but yet were fo minute, and fo much covered by the.circumja- 
cent |)articles, that I ,couid not clearly difcover their figure; but, to 
the befl of my judgment, they were irregular faline particles, appear¬ 
ing all of different fhapes, and adhering together, in like manner as 
we obferve in fugar-candy. Now, whether this appearance was com- 
pofed of lalts in the blood, or falts in the milk, or both, I am not 
able to difcover. 

1 feveral times applied a drop of the before-mentioned filtered 
liquor to my tongue, and I judged it to have more of a bitter than aU: 
acid tafle ; whereupon I confidered, whether its property to curdle 
milk, might not be derived from the gall. 
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I therefore went to a butcher s, to fee whether the gall was not 
emptied into the maw, but I found that the gall bladder did not dif- 
charge its contents into the maw, but farther down, where the bowel 
grows narrower; this gall bladder I caiifed to be cut off fo as to leave 
the velTel through which the gall paffes, joined to the bowel, and 
having bound both ends of thefe with a thread, I inflated the gall- 
veflel with v/ind, but I found the parts to be fo contrived that not the 
leaft portion of water, or even of air, could pals out of it into the 
maw. 

When fome of this Runnet had flood with a little water on it in a 
glafs, for the fpace of two days, it acquired as acrid a fmell, as we per¬ 
ceive in four curdled milk. 

I at one time, received from a butcher, the gall bladder of a calf, 
which was entirely void of gall, whence I fuppofed that its contents 
had been fpilled by accident, but I afterwards underflood that no gall 
liad been in it, and that the like appearance was often obferved. 

But, what fhail we fay, when we fee in how high eflimation tobacco 
is held, and acids altogether condemned; as if all our bodies were 
exa611y of the fame difpofition or conflitution. 

For my part, I have for many years been ufed to fmoke tobacco for 
the cure of the tooth-ach, but I have often found that before I fmoked 
half a pipe, I wasfofick, as to be obliged to lie down near the fire, and 
fo much difordered, that I could not even endure to be fpoken to ; 
whereas, on the contrary, every kind of acid, whether ufed in food, or 
taken by itfelf, agrees perfe^fly well with me. In fhort, we can 
much better judge for ourfelves as to what agrees or difagrees with 
our conflitutions, than pretend to advife other people what is good 
diet, or the contrary. 

W ith regard to the curdled milk, which I have mentioned to be 
taken out of the calf in hard pieces, it feems to me probable, that the 
milk at firfl was but lightly curdled, and that the frequent contrae- 
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tions of the bowel where it lay, which in the courfe of nature are 
performed many times in a minute, were the caufe of its being found 
in that ftate. 

Seeing now, how powerfully coagulation is performed in animals, 
we may conclude, that fomething of the fame kind mu ft take place 
with the food in our own ftomachs, in order to render the fame nu¬ 
tritive to us. And who can tell, how far fuch coagulation may take 
place, not only with milk, but alfo with wine, vinegar, fait, and 
other parts of our food ? This, however, is certain, that if a fucking 
child cafts up the milk, on account of having fwallowed more than its 
ftomach can contain, fuch milk, though juft before taken from the 
breaft, is in a curdled ftate; confequently we mu ft conclude, that 
coagulation in our ftomachs is a neceflary part of the animal oeco- 
nomy. 

If milk in the ftomachs of fmall animals was not curdled, it 
would in a few hours pafs through their inteftines, and afford but 
little nourifhment to their bodies. And, in this opinion I have been 
confirmed by the experience of the butchers, from whom I find, tliat 
when the excrements of calves or fucking lambs are thin and fluid, 
they thrive but little, and, that at thofe times, no curdled milk is 
found in their ftomachs. 

I am aware, that thefe my obfervations, may difpleafe fome 
perfons, as thinking that herein I am going out of my province ; 
but, thofe confiderations weigh little with me, forafmuch as eveiy 
judicious perfon knows, that Phyficians themfelves, in many things 
proceed merely by guefs, and therefore, I afliime to myfelf the liberty 
of offering my conje6lures on this fubjecft. 
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ADDITION BY THE TRANSLATOR. 

Almoft all the arts, which contribute to the fupport or comfort of human 
■life, have been the refultoflong and repeated experience. I will inftance in the 
two moft neceffary articles of food, which are bread and beer, refpefting 
which, a celebrated writer of the laft age thus exprelfes himfelf:—“ The arts of 
“ brewing and making bread have, by flow degrees been brought to the per- 
“ fe0:ion they now are in, but, to have invented them at once, and, * a'priori^ 
“ would have required more knowledge and deeper infight into the nature of 
‘‘ fermentation, than the greatcft Philofopher has hitherto been endowed with ; 
“ yet the fruits of both, are now enjoyed by the meaneft of our fpecies.” 

Cheefe, however, another principal article of food, at leaft among the 
.poor, was moil probably brought into ufe, a priori^ by adverting to the 
change made in milk, from a fluid, to a folid, in the ftomach of the calf, and 
by imitating nature in the manner defcribed in the preceding Effay. To 
prefcrve the concreted or hardened fiibftance, in a wholefome (late, for a 
length of time, human invention added fait, and, by thefe two eafy operations, 
is produced that, which is now a luxury to the rich, and a fupport to the 
poor. 

Plow the change in milk, by the mixture of Runnet, is produced, Mr. 
Leeuwenhoek’s induftry, we fee, has not been able to difeover; we can only 
therefore admire the manner in which nature operates, to produce this effeQ:. 
For, there is no other known fubftance that fo effeflually curdles milk, and, 
though the tafte of Runnet is of itfelf very naufeous, yet none of this difa- 
grceable tafte is imparted to the curd ; on the contrary, that which is called 
cream cheefe, or new cheefe, being merely the curd, without any mixture of 
fait, is of a fweet and delicious tafte, and is produced as a dainty at our 
tables. 

* The expreffion, a priori^ meatis, in logic, or in praiftice, to argue or to act upon known 
and eftabliflied principles, from whence a certain conclufion or efFe(ft enfues; a pojieriori 
means, where, arguing from the effevft, wc trace it backwards to its caufe. 



OJ the Snail or InfeBfound on the Fhie, alfo on the nature of Sage, and 
whence its virtue proceeds; with fome obfervations on the manner in 
which different animals emit theirpoifon. 


A Gentleman of fome confeqiience in this coimtr}^ upon a certain 
time, put into my hands, a parcel of fmall whitifh eggs, together with 
Ibme dry earth, in which they were found ; and defired that I would 
endeavour to difcover what fpecies of animal would be produced 
from them. The axis of thefe eggs was nearly equal to one fifteenth 
part of an inch. 

One of thefe I diffedfed, and found in it a thin fluid, mixed with 
round particles, or globules ; the reft of them I put into a glafs, hut 
their contents in a few days entirely evaporated, and the fhells, which 
were very brittle and tender, upon the liquid they contained being 
exhaufted, became fhrivelled, fo that no living creature proceeded 
from them. 

The following year, the fame gentleman brought to me fome 
more of thofe kind of eggs, which I treated in the fame manner as 
the former, but with no better fuccefs. 

In the month of July, in the third year, I received from the fame 
perfon a larger parcel of thofe eggs, which were mixed with about 
an handful of moift earth. 

Seeing this, I began to confider, that perhaps, the reafon why the 
liquor being evaporated from the former eggs, had thereby prevented 
their producing any living creature, was,^ that in dry earth they be- 

X 
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came barren, and that in their nature they required to be kept moiil; 
confeqiiently, that if I treated them in the fame manner as the former, 
I fliould never obtain my wifli to difcover their fpecies. I therefore 
put thefe, and the moift earth wherein they lay, into a glafs tube, 
about ten inches long, and three quarters of an inch wide, one end 
of which I had clofed together by heat, and the other I flopped with 
a cork, by which means whatever moiflure might evaporate from 
tlie earth, would be confined by the glafs, and, there condenfmg, the 
greater part of it would fall back on the earth, and keep it, and the 
eggs, always moifi. 

Tliis tube I placed in my clofet, lb as to be continually in the way 
of my notice, and, after fome days, I law, to my great furprize, two 
fmall Snails, of that fpecies which infell the branches of vines, (and 
which are called by us Wyngaart-llakken, Vine-fnails or Vine-hugs) 
on the infide of the tube, and which had crept out of the earth con¬ 
tained in it. 

I then took out of the tube an egg, or rather what was now become 
a fmall Snail, with part of the egg fit ell adhering to it, and put it into 
a fmaller tube, in order to examine it by the microfcope more 
accurately; and thereupon I perceived in one of the horns a very ra¬ 
pid motion, performed in a velfel, apparently an artery, and which I 
judged to be about one fourth part the lize of an hair. This motion 
was not an uniform or continued one, but by fits, or puifes, and, fo 
quick, that I judged the juices in the velfel were propelled forward, 
three times within the period of one pulfation in the human body; 
and I concluded, that this velfel mult certainly be an artery, and not 
far dillant from the heart, becaufe the quick pulfations I have noted, 
could not, otherwife, have been fo diflindlly feen. 

The next morning this fmall Snail was dead ; as I guelfed, for want 
of food, for the others of the fame fize, which were in the larger 

* Mr, Leeuwenhoek has not given.a figure of this animal. 
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tube with the earth, continued alive; the next day more of the fame 
kind of Snails came out of the eggs, and the third day many more. 

I often contemplated one of thefe Snails, while adhering to the iii- 
fide of the glafs tube, and, with great pleafure, I faw through its lb ell 
(which was fo pellucid as to tranfmit the light) a part of its body not 
larger than a grain of fand, and of an oval fliape, which alternately 
was contra 61 ;ed and extended, each alternate motion being performed 
in the fame fpace of time as is required to pronounce difl:in( 5 Hy a word 
of four fyllables. This little point or corpufcle, I deemed to be the 
creature's lungs, and the reciprocating motion, that of refpiration, 

I have formerly often dille( 5 fed thefe kind of Snails found on Vines, 
chufing for that purpofe the largefi: I could find, in order, if polfible, 
to difcover the manner of tiieir generation, and whether any young 
ones were to be found in them, but hitherto without any fuccefs ; and 
now, almoft by accident, and with little trouble, I plainly perceived 
that thefe creatures were propagated by laying eggs. 

It has frequently been matter of great wonder to me, to obferve 
in the fpring, young Snails of this fpecies on the Vine branches, when 
I could not conceive, how they could have been bred and brought 
forth fo early in the feafon. But, fince it now appears, that they are 
produced from eggs, the difficulty ceafes, becaufe we can eafily con¬ 
ceive how thefe animals may be hid in the earth all the winter in 
the egg, and break out from thence, as foon as the firfi; warmth of 
the fpring returns. 

I have likewife often obferved full grown Snails of this fpecies, 
whofe ihells were covered with earth or clay, as if they had been 
newly dug out of the ground, and never could latisfy myfelf as to the 
caufe; but this is alfo now accounted for, becaufe, as they muft 
creep into the earth to depofittheir eggs, it is natural to fuppofe that 
fome portions of earth or clay may be left flicking to their fhells or 
horns. And, if any perfon Ihould wonder how thefe creatures can 
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creep into the earth, I can fatisfy him in that point, from my own 
experience ; for I have frequently feen, after I had picked feveral of 
them off the tree, and not only thrown them on the ground, but pref¬ 
led them with violence into the earth, by ftamping on them with my 
foot, yet, in a fliort time, if their Ihells efcaped unhurt, they would 
find their way out again. 

In the month of Aiigufl;, I invited the friend I have mentioned, to 
my hoiife, and acquainted him with the manner I had treated the eggs 
he had fent me, and fliewed him the Snails which they had produced, 
with which he was greatly pleafed ; and told me he had rather fup- 
pofed, that the fpecies of lizard commonly called Efts would have 
been the produce. The next day, he brought to me a very large 
Snail of this fpecies, the furface of whofe fliell was covered with 
moift earth, juft as if it had newly crept out of the ground ; and he 
informed me, that, while he was bringing it, he perceived it lay an 
egg. Hereupon, I put this Snail into a glafs tube, about ten inches 
long, and wide enough to give it full liberty of moving about; and 
within half an hour it laid feven eggs, which I perceived flicking to 
the glafs, and in two hours time as many more ; but, when i next 
examined it, I found that in creeping about the glafs it had broken 
them all, and in two days, it died, as I fuppofefor want of food, with¬ 
out laying any more eggs. 

The fmall Snails, which, as I before mentioned, were produced 
from the eggs, did not live above two or three days, and I perceived 
that the fhells from whence they had ilTued were very white, but the 
remainder of the eggs which had not produced any young ones, 
and were barren, were of a dark colour, and of a watery appearance. 

It being now demonftrated by the foregoing obfervations, that 
thefe Snails are produced from eggs, the old eftablifhed error muft 
be abandoned, which thofe adopt, who dream that thefe creatures 
are produced from corruption, or the decayed leaves of trees; and 
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thence conclude, that, if fuch leaves are not taken out of gardens, 
thefe Snails will be bred from them. Whereas, we ought rather, on 
confidering the matter, to fay, that if the leaves which fall in autumn 
are left in gardens, the eggs depofited by thefe Infedls in the ground^ 
the fiirface of which is covered with fuch leaves, will be the better 
defended from the winter’s cold, and confequently more of thofe ani¬ 
mals will be produced in the following fummer. 


A certain Author, of the name of Kircher, having publiflied to the 
world, that he had, by his microfcope, difcovered on the leaves of Sage 
fomething like a fpider’s web, woven by fome fmall infedl, and hav¬ 
ing thereupon founded an affertion, that thofe who fhould eat of Sage 
leaves, without wafhing them., would be poifoned, I was requefted by 
fome learned friends, to examine into, the truth of this aflertion. 

I had many years before this time, frequently infpedled the leaves 
of Sage, and always found that they were, in. many places, covered 
with fmall globules, but i never perceived on them any animalcules, 
nor their eggs, even by > the afli(lance of the microfcope. 

Upon this occafion, I procured fome Sage, not only the green fort, 
but that, which, becaufe its leaves are yellow at the edges, is called 
variegated Sage. This I examined by the microfcope, and per¬ 
ceived the leaves to be covered with many capillary or hairy parts, too 
fmall to be difcerned by the naked eye; and fo clofely fet together, 
that there was not a place in the leaves, of the breadth of an hair 
without them, and,! cannot give.them a better name, than capiJIa- 
ments, or fmall hairs, becaufe, like the hairs of animals, they all ter¬ 
minate in a fliarp point. And I fuppofe, that Kircher had ima-. 
gined thefe capillaments to be the webs of fpiders. 

At the extremities of many of thefe capillaments, I perceived cer¬ 
tain globules, which, through the microfcope, appeared no larger 
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than grains of fand feen by the naked eye; and thefe globules feemed 
to me to be filled with an oily fubfiance. But I could not dlfcern 
the leaft trace of any living animalcules on the furface of the leaves, 
and I am certain, that, had there been any fuch, though an hun¬ 
dred millions of degrees lefs than a grain of fand, they would have 
been vifible by my microfcope. 

This oil, wherein the virtue of Sage confifis, is produced on every 
leaf of it in fuch abundance, as no one would believe, but from expe¬ 
rience ; infomuch that one can fcarcely touch a leaf of Sage, but an 
incredible quantity of oily particles will adhere to the fingers. 

My admiration was greatly excited, by obferving that the greater 
number of the capillaments I have mentioned, were formed with three 
joints, and fome, which fiood on the veflels of the leaves, with four. 
Thefe joints 1 do not remember to have feen in the capillaments on 
any other leaf, but whether that is to be attributed to my v/mit of at¬ 
tention, I do not know. 

When Sage is dried, its leaves exhibit a whitifh colour, and that is 
cauled by thefe capillaments, which, lying thick one on another, do, 
by their tranfparency, produce that whitenefs. 

This fame Kircher, in his writings, gives it as his opinion, that 
Sage, and alfo Fennel, are very wholefome herbs, but, that in them is 
produced a maggot, which, being inadvertently eaten, will caufe 
grievous fymptoms, and even death itfelf; and he moreover pretends 
to have found by experience, that there is no plant which does not 
breed fon}e maggot or moth ; butfurely, if he had been provided with 
a good microfcope, and had underftood how to ufe it in the difiedlion 
and examination of minute animals, he never could have broached 
fucli abfurdities. 

For my part, it is my fixed and fettled opinion, that no leaf, no tree, 
nor any root, ever did, or ever can, produce or breed any animal en¬ 
dued with life and motion. But, a fmall animal may lay its eggs, or 
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depofit its young, on the leaf or fruit of a tree, which young one, 
when depofited, or when hatched from the egg, may make its way 
into the leaf or fruit, and there find noiirifhment to promote its 
growth. 

It is an eftablifhed axiom among Philofophers, that, no¬ 
thing can come of nothing ; how then can a being or fubfiance void 
of motion, produce a creature endued with motion and life ? And 
this is certain, that, whenever we difle6I: or examine fmall animals, 
the wonderful fabrick of their bodies, both externally and internally, 
firikes us with afionifhment. 

As to the opinion, that venomous animals do fhed their poifon on 
fruits or leaves, I do not fee that this can be faid of the Scorpion, nor 
that poifonous ferpent called the Rattle Snake, neither of the Spider, 
nor the Indian Millepeda, becaufe, as far as I can underftand, they 
have not power to hurt, by fpitting or voiding their poifon on any 
objeft, becaufe they cannot call it to any difiance, but they do 
mifchief, by inje6ting it into a wound made in the flefh. But, it is 
poffible for the Frog and Toad to infedl plants with their venom, for 
I have more than once obf^rved thofe animals, when irritated, eje'fl a 
kind of water, in a ftream, from their pofteriors, which water pofiefies 
an extraordinary corrofive acrimony. This property was firft ex pe¬ 
rienced here, by a refpe table perfon, who, in fifiiing for Jack, ufed 
young frogs for a bait; and once, while he was fixing a frog to his 
hook, the animal on a fudden fcattered a little of this liquor into his 
eye, which produced an excruciating pain in the part. 

I have often taken notice of a large dog, who was very eager in the 
purfuit of mice, which he would fwallow whole, without chewing. He 
was alfo very fond of hunting frogs and toads, and, when he had killed 
them, by biting, he ufed to throw them away; but at thofe times his 
mouth was entirely covered with froth or foam, which I attributed to 
tile liquor emitted by them. This was moft particularly the cafe, 



when he caught a toad, for then, he appeared almoft mad, violently 
fhaking his head, and, great quantities of froth or flaver iffuing out 
jof his mouth ; but he was accuftomed, before he began to bite the 
toads, repeatedly to take them in his mouth, and dalh them againft 
the ground. 

This virulent liquid in frogs and toads, they do not, in my opinion, 
emit, except upon extraordinary occafions, when they are irritated, 
for it is a natural inftin6l in all animals, carefully to preferve that, 
which Nature has given them for their defence. So the Scorpion, 
whofe weapon of defence is his fting, does, while creeping or running 
along, carry the point of the fiing turned inward, towards his body, 
in order to preferve it from injury. 

This fagacity, and the other faculties we obferve in animals, cannot 
be fuppofed to be produced fpontaneoufly, nor that, with the crea¬ 
ture it is bred from corruption or putrefaction, but, we ought to lay it 
dov/n as a certain pofition, that thefe faculties implanted in animals, 
at the Beginning, have been, by a conhant fucceflion, tranfmitted to 
their offspring; forafmuch as we are not to fuppole that any new- 
animal, or fpecies of animals, is created at this day. In a word, the 
make and ftruCture of every creature, and the powers implanted in it, 
mult, in my judgment, be afcribed to God alone, the Creator of the 
Univerfe, 



On Wheat, and the manner of its vegetation ; the natuf'e of the feveral 
component parts of that grain explained, and their figures defcribed 
as feen by the microfcope. 


x\LL feeds contain in them the rudiments, or firft beginning plants, 
of their refpedtive fpecies ; that is, the part which, in the progrefs 
of vegetation, Ihoots upwards, and forms the ftalk or hem, and that, 
which penetrates downwards into the earth, and is called the root. 
Seeds do alfo, for the mofi: part, contain a farinaceous or mealy fub- 
flance, which affords nouriflnnent to the young plants until the roots 
are of a lufficient fize for extra 61 ing fupplies from the earth, to 
continue and perfedl their growth. 

Among many other feeds, I have particularly examined the 
grains of Wheat; and, in them, the young plant 1 have mentioned, 
before it began to vegetate, having firft either put them in 
water for a ihort time, or held a few grains in my mouth, 
merely to moiften the outward membranes, whereby they could tlie 
eafier be taken off. And, having feparated the two external mem¬ 
branes which cover the young plant, I took it out from the grain, and 
placed it before the microfcope, when it appeared to me to be com- 
pofed of nothing elfe than a colleftion of afcending vehels, with 
fome flexures or bendings in them, and fome minute tubercles or 
pimples, which pimples I conceived to be only cauled by the evapo¬ 
rating of the moiffiire. 

In Plate VI. fig, i, ABCDEF, is the whole of this begin- 
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ning of the plant, magnified : EF D, are the parts or points from 
whence not only three diflinfl roots will grow, but they are alfo the 
beginnings of three feveral fpires or ftalks of Wheat; for the minute 
protuberances which appear at F A, and C D, are two diftind plants : 
fo that, from every grain of Wheat (which is well worthy of obferva- 
tion) there will arife, not merely a fmgle ftalk, but three diflind ones, 
which are formed in the feed itfelf. And as, when fpeaking of arti¬ 
chokes, we call the principal or uppermoll fruit, the parent artichoke, 
and the others chicken artichokes, fo, in the inftance before us, we 
may properly name the uppermofl: plant, which appears at B, and 
whofe root proje6ts lower than all the reft at E, the parent plant, and 
the two fmaller ones, at F A, and D C, the two chickens or fuckers. 

In order to form a computation of the proportionable fize of thefe 
firft formed plants, I placed them beftde an entire grain, which I 
judged to be four times their fize both in length and thicknefs, whence 
it follow^s, that each grain of Wheat is fixty-four times larger 
than the three feveral young plants formed in it, and which are to 
receive nourifliment from it, in the beginning of their vegetation. 

I cut off a piece of this young plant, by a tranverfe fe lion, acrofs 
the part where the three vegetative principles I have defcribed arefitu- 
ated, or at tlie place, in the figure from F to D, only to Ihew how, and 
in what order, the roots (or that which is the place or fource of the 
roots and plants in this feed) do lie in refpe 61 : of each other ; and alfo, 
to point out the multitudes of veftels formed in them. 

In fig. e. ABC, is the firft or outward membrane or covering, wdiich 
enclofes both the plant, and the whole circumference of the grain of 
Wheat, and is compofed of nothing but veftels extending lengthwife, 
and which, being cut tranfverfely, appear in this membrane as they 
are Ihewn in the figure, particularly at B, where may be feen a few 
of thefe veftels, prefenting part of their fides to the eye. The fecond 
membrane or covering, is in part fliewn at D E F, 
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The reafon why thefe membranes appear at fo great a diflance from 
HI K, tlie three young plants, is, that this grain of Wheat was very 
much dried, and therefore, in the cutting, the membranes were eafily 
feparated from the farinaceous part, where the young plants are 
placed; but when the plants and the mealy fubftance, lying in the 
fpace marked by the letters DHIKFGD, are a little moiftened, 
they very foon fwell fo much, as to fill up the whole fpace HEKI. 
This, however, is the cafe in but few grains of Wheat, for, when the 
young plants, and the fubdance wherein they lie, contrafl in drying, 
the membranes which inclofe them contrail likewife, they being, 
generally, all clofely united or adhering together. 

At the letters H IK, are (hewn the three beginning (talks, or roots, 
of the future plants, as cut tranfverfely ; and, in thefe, theveflels 
would have been much more confpicuous than here reprefented, had 
it not been, that in the cutting them (although the knife I ufed was 
very fharp) 'they were filled up or (lopped; but, though by moiften- 
ing, and then cutting them, the vellels appeared more didinil, yet, 
no fooner did the moidure evaporate, than they contrailed themfelves 
in fuch an irregular manner, as to be much lefs confpicuous than at 
fir ft. And, as to thofe which were vifible, the limner continually com¬ 
plained, that it was impoftible for him to reprefent in his drawing, the 
multitudes of flender velfels which he faw. 

The fubftance wherein the young plants of Wheat are contained, 
(which is very little in quantity) appears of a different colour from 
the mealy part of the grain, by reafon, that the globules which com- 
pofe it, are not, fmgly, fo pellucid, and therefore do not, altogether, ap¬ 
pear fo white, as the meal which compofes the greatefl part of 
Wheat. And thefe two fubftances are divided from each other, by a 
third, of a ft ill brighter colour than the white meal, as in the figure 
is fhewn at D G F. 

If, in this figure, I had caufed the whole circumference of the grain, 
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thuscnt tranfverfely, and magnified, to be delineated, it would have 
occupied too much I'pace in the paper ; and therefore, I only included 
lb much of the mealy part of the grain, as is exprefled between the 
letters, a, D, G, F, c. 

I have given afigure of the vefTels compofingthe external fhell, hufk, 
or covering of Wheat, becaufe, contrary to what is generally obferved, 
they do not end in a tubular lliape, but grow out into a kind of hairs. 

Fig. 3, G H IK L M reprefents a very fmall piece of this outward 
hufk, which, when ground, and feparated from the meal, is denomi¬ 
nated Bran. Here, not only are to be feen the multitudes of vefTels 
whereof it confids, but alfo, how at their extremities, they grow out 
beyond the grain, and terminate in hairy points, as at I K L. 

The fecond membrane, lying within the fird, exhibits a cu¬ 
rious fpebtacle, on account of the tranfverfe courfe of the veflels, in a 
different direblion from the former; and at/g. 4, ABCDEF,is (hewn 
an exceeding fmall particle of it, wherein, though it is no more than 
can be covered by a grain of fand, the wonderful courfe of thofe nume¬ 
rous minute veflels is plainly to be feen. And, as it is truly faid, that 
nothing is made in vain, we cannot fufficiently admire this, and fimilar 
obje s, when viewed by the microfcope. 

In the fame figure, at D and E, may be feen fome of thole globules 
which compofe the mealy fub dance of Wheat, lying within, what feemed 
to me at fird, an exquifitely thin pellicle, like a third membrane, 
but was, in reality, only the finer part of the meal. 

1 many times endeavoured to trace in the young plant, while in the 
feed, the veftige or fir ft formation of the ear, but all my endeavours, 
even with the a ft! fiance of my microfcopes, were fruitlefs, though I 
was well afllired in my own mind, that it did there exift : at length, to 
fatisfy myfelf, if poftible, in this refpeff, I took a fmall brafs box, and 
almoft filled it with that fort of white fand called fcowering fand, 
on the lurface of which I placed, upright, about ftxteen grains of Wheat, 
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and, after ftrewing more :fend on them, to about the thicknefs of the 
back of a knife, I moiftened the fand with rain water ; and, becaufe 
the weather was extremely cold, it being in the midft of winter, I car¬ 
ried the box about with me in my pocket. 

At the end of four days, fome of the grains had put forth Ihoots to 
the breadth of a finger : one of thefellioots, I cut oft clofe to its root, 
and, opening it, I took out the middle part of the plant, wherein, by 
the help of the microfcope, I perceived Ibme minute leaves, and, from 
their appearance, I was well aftured that the ear between them had 
increafed in fize, though 1 could not diftindfly perceive it. 

After carrying the box and the remaining grains in my pocket four 
days longer, I opened it again, and, taking out from one of the fhoots 
tliat part which confifted of the innermoft leaf, immediately inclofing 
the ear, I placed it before the microfcope, direbfing the limner to make 
a drawing of it, as it appeared to him. This is fhewn at fig. 5, 
AB C D, where A BD, is the young ear, and BCD, the inner leaf 
inclofing it. 

At the end of four da3^s more, being the tw^elfth day, I opened 
another of the grains, and, having feparated the young leaves a little 
afunder, ^ was much more confident than before, that I difcerned the 
ear; this alfo I caufed to be drawn from the microfcope, as at fg. 6 . 
EFGH. 

From thefe obfervations we may be fully aftlired, that warmth and 
water, will, of themfelves alone, promote the growth of plants. 
And alfo, that God, the all-wife Creator of the Univerfe, does not 
create any new fpecies of Things on this Earth, but that, at the Be¬ 
ginning, he fo ordained and conftituted all things, that, his Creation 
being perfe 61 :, the feeds of plants, when come to maturity, lhall 
produce or contain in themfelves (however undifcoverable by us) 
the part or vegetative principle of the future piant, which, in its: 
due time will be produced, and that, in all rel’pcdts conformable to the 
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original plant. And this, I take to be a certain truth, which prevails 
not only in plants, but in all living creatures whatfoever. 

I was defirous to examine, whether in ihe vegetation of corn, there 
would be as great a number of radicles pr ceed from the firfl; root, as I 
had obferved in grafs, and for this purpoie, I took a glafs tube, about 
half an inch in diameter, and three inches long; having flopped this 
at one end, I filled it rather more than two third parts with dry fand, 
which I moiftened with rain water, and prefled it gently together to 
keep it in its place, and then depofited it in three grains of Wheat, 
flopping alfo the other end. 

This glafs tube I frequently carried in my pocket, and in three or 
four days, the Wheat began to put forth roots. On the feventh day, 
the roots were fo far grown, that I could mofl plainly difcern them to 
be compofed of wonderfully minute tubes, each of which was formed 
with joints, as are to be feen in reeds or ftraws. 

The diameter of thefe roots was, as near as I could compute, 
about the fixtieth part of an inch, and, at the extremities, they were 
obtufe or rounding, like the ends of thofe quills which are taken out 
of the wings of birds : the furface of them was very fmooth and 
fhining, without any appearance of radicles iffuing from them, 
excepting near the grain, where numbers of exquifitely minute radicles 
were to be feen. 

On the eighth day, the young germ or fhoot had grown to 
tlie length of three quarters of an inch, the roots were alfo fo far 
grown as to reach the bottom of the tube, whereupon I took 
out the cork, and they then protruded themfelves out of the tube, and 
I hoped to have difcovered in them, whether there were the fame 
joints in the fmall radicles as in the larger roots ; but, in the fpace of 
half a minute, the moillure in them was fo evaporated, that they be¬ 
came contrafted into irregular ihapes. 
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With regard to the fize of thefe exceflively minute radicles, I 
made the following eftiinate, as far as my eye could judge. Suppofing 
the diameter of them to be as i, that of the larger root from which 
they proceeded muft be confidered as 20, and conlequently, 400 of 
thefe flender radicles taken together were equal to the fize of the larger 
root. Now, the diameter of this larger root being, as before ob- 
lerved, the fixtieth part of an inch, 3600 of thofe roots will be equal 
to a cylinder of an inch diameter ; and if this number be multiplied 
by 400, it follows, that 1,440,000 of the fmalleft radicles are alto¬ 
gether equal to a cylinder the fize of an inch. 

This being the cafe, we may naturally conclude, that when any 
plant is pulied up by the roots, fuch flender radicles as thefe, not 
only efcape our fight, but muft almoft all be broken off, unlefs the 
earth or moift land which furrounds them adhere to, or is taken up 
with them. 

After thefe very flender radicles I have defcribed, had remained in 
the tube three or four days, thofe parts of them which did not touch 
either the fandor the glafs, and were expofed only to the air within 
the cavity, were fo dried up and contradled into irregular forms, 
that they appeared like parcels of wool, or the threads of fine linen 
tangled together. 

In the month of April, I took up in a field, which in the preceding 
autumn had been fown with Wheat, fome of the young blades or 
flioots, with their roots, and the earth adhering to them : and upon ex¬ 
amining thefe, I obferved nothing vifible, except the largeft flioot or 
parent plant, which was by far the largeft, and had fliot up much the 
higheft. To fhew the fize of this plant, I caufed a drawing to be 
made of it, which is to be feen at fg. 7, WXYZ; and in this 
plant the blade being fhot up to tlie height of about four inches, 
the joints, or knots in theftalk, were already formed, the young ear 
lying at the end next to the root, at W. 
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I 1 )is plant, reprefented at fg, 7, I cut open, and took in pieces, 
until I perceived the fmalleft leaves of all, which as I may fay, lur- 
rounded the ear; thefe alfo I took off, and then the ear itfelf was 
vifible, which, viewed through the microfcope, appeared as 8, 

ABCDE. But, I did not deliver this Objea to the Limner, until I 
had diffe 61 :ed feveral of the young plants, and found, that they were 
all exa6lly of the fame hgure. 

At the expiration of nine days from this time, I examined more of 
the young blades of Wheat, but did not perceive any change in the 
ear worthy of note, except that it was grown fomewhat higher from 
the root, and that the joints or knots in the halk, w^ere more plainly 
to be diftinguilhed. 

The Items or ffalks of Wheat, which, after the grain has been 
tiireffed out from the ear, are denominated Straw, appear to the eye 
wonderfully frnooth and Ihining, the outer coat of them being compofed 
for the greater part, of veffels incredibly {lender, with here and there 
a few larger ones intermixed ; the inner part is compofed of larger 
veilels, all which I have reprefented as nearly as poffibleto Nature, 
in the following figure. 

Fig, 9, ABCDEF is a very fmall piece of Straw, cut tranfverfely, 
and feen throughjthe microfcope: any perfon,by confidering what pro¬ 
portion the arch, or curved external part of it, marked A F, bears to a 
circle, and, comparing the fame with fo much of tlie known diameter 
of a Straw, may eafily conceive the natural fize of the particle here 
reprefented, 

ABEF, is the bark or outer coat, compofed of the veffels 
before defcribed ; GG G G, are the veflels of which the inner part for 
the moff part confifts ; they are of four, five, and fix Tides, according 
as, at their firft formation, their fhape is accommodated to thofe ad¬ 
joining them. 

FIFIHH, are veflels intermixed with the laft mentioned ones, and 
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rontainlng in them ftill fmaller vefiels ; in thefe veiTels I liave feen the 
jiilces (at the time the Wheat halks are growing) running with a 
wonderfully rapid courfe ; and, through the joints or valves in thofe 
vefiels marked G, the juice was carried upwards, which juice was for 
the greatell part compofed of globules ; and when thefe globules 
came to pafs the valves where the pafiage through the vefiels is very 
narrow, they afliimed an oblong figure, until they came into a 
larger fpace, when they reafilimed their priftine globular fliape. 

Fig. lo reprelents tliefe afeending vefiels cut longitudinally, and 
feen through the microfeope, being the fame which in Jig. g, are 
marked GG : at 1 111 , are the valves I have mentioned, and, in thofe 
parts, the pafiages through the vefiels are the mofi: narrow or con¬ 
fined of all. 

The ftalks of Wheat, are formed of none other than perpendicular 
or afeending vefiels, and that, in my judgment, is the reafon, why 
they are furnifiied with a kind of joints or knots, at certain intervals, 
in order to give flrength to them ; and that, without fuch joints, the 
ftalk would not be able to fupport the ear, which is its fruit. This is 
alfo the cafe with grafles, and likewife with reeds, for the fame rea¬ 
fon ; and it alfo obtains in the bodies of fome trees. In thefe northern 
parts, indeed, all trees are provided with horizontal vefiels, whereby 
they have a fufficient flrength ; but, in the warmer climates, where 
many of the trees have no other than perpendicular vefiels, fuch as is 
the cocoa-nut tree, the want of horizontal vefiels is compenfated, by 
numbers of thefe kind of joints, formed at fliort intervals, through 
the whole length of the tree. 

The farinaceous or mealy part, of which the grains of Wheat are 
principally compol’ed, confifls of thofe minute globules I have before 
noticed. Thefe globules are, fmgly, tranfparent, and lie clofely 
compacted within a kind of membranes, fo exquifitely thin and tranf* 
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parent, that, in fonie places, their texture is not to be difcerned, A 
very fmall particle of one of thefe membranes, as it appeared upon 
the grain being cut longitudinally, is fliewn at fig. 11, EFGH; 
within thefe membranes the globules of meal are inclofed, as it were, 
in cells ; and, at H, fome of thofe cells are reprefen ted, filled with the 
globules of meal: the natural fize of this figure, is no more than can 
be covered by a common grain of fand. 

The globules of meal, are of very different fizes, fome being more 
tlian an hundred times larger than others, and fome fo fmall, that they 
almofi efcape the view of the microfcope. In order to give the reader 
f ome general idea of their miniitenefs, I took one of the larger grains 
of that fort of pellucid fand, ufed in fcowering or grinding ; this grain 
of fand, together with fome of the globules of meal adhering to it, I 
raided to be drawn from the micro fcope, as at Jig. 12, ABC D E. In 
the fame figure, F G H denote a fmaller grain of fand adjoining to the 
former. IK L M are fome of the larger and fmaller globules of meal, 
lying near the grains of fand. 

I had at firfi: imagined thefe mealy particles to be quite globular, 
but I afterwards found, that I had been miltaken in that refpedl; and 
that they were not perfedl fpheres, each of them having a kind of 
creafe, chink, or indenting, like that which we fee in the grains of 
Wheat, which had at firfi; efcaped my notice, partly from the extreme 
minutenefs of the particles themfelves, and partly from their difi'erent 
pofitions with refpedl to the eye. 

Upon viewing thefe mealy particles, and the indentings in them I 
have mentioned, I began, not without wonder, thus to reafon with 
myfelf. Certainly thefe particles of meal were not compofed by a 
concretion or colledlion of fiill fmalle] particles, placed fide by fide, 
as is obferved in fome liquors, fuch as wine and beer, Vvhofe particles 
coagulate, and grow together in mafies, which, in the former we call 
dregs, and, in the latter tartar ; but the particles of meal mufi; be formed. 
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in another manner, that is, not by coagulation, but by growth. And 
the membranes which inclofe them in cells, muft be provided witli fo 
many veins or vefi'els, that every particle of meal may have its fepa- 
rate vein, whence it derives its fubllance and increafe, in like manner 
as the eggs of filhes are nourifhed by a ligament or veffel, which is 
obferveci not only in the larger fifli, but in thofe very minute 
eggs which are leen in vaft numibers on fhrimps. Now, if the parti¬ 
cles of meal, which, though not ftn6lly fpherical, may yet be termed 
globules, had not acquired their growth in that manner, it fliould 
feem that they could not obtain that globular figure. 

When we confider the tranfparency of every one of thefe globules 
of meal, we may well exclaim. How wonderful is this formation, 
and how clofely compadled mufi; be the fmalleft particles of which 
each globule is compofed, to give it that tranfparency ! 

J next proceeded to examine, whether thefe particles of meal might 
not be globules, inclofed in a certain thin membrane, as we fee is the 
cal’e with all feeds ; but I cannot be confident, that I ever did bring 
this to my ocular demonftration. I then broke the globules in pieces, 
and imagined that I faw fmaller ones inclofed in them, but herein I 
found myfelf miftaken, for, thofe globules which I faw fcattered 
among the pieces, were fome of the very fmalleft mealy globules, 
Golledfed in fmall parcels. 

I then tiled my utmoft endeavours, to difcover the internal hidden 
make of the globules of meal, wherein, at length, to my great fatif- 
fadfion, I fucceeded. I placed fome of them on a clean glafs, and 
•mixed them with a very fmall drop of water : when they were by 
this means feparated, I poured on them two more drops of w^ater, 
and brought the glafs fo near to the fire, that in the fpace of a minute, 
the water was all evaporated. Then, bringing them before the mi- 
crofcope, I perceived, that their globular form was changed into flat 
fhapes, of different fizes, according to the different magnitudes of the 
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globules themfelves. Many of them had a little rifmg in the middle, 
which I judged to be that part, through which they had received their 
growth and increafe. 

This convinced me, that the globules of meal in Wheat, are 
covered with a Ikin or (hell, in like manner as the Wheat itfelf, 
for, by the compreffion and flattening of the figures in the above 
experiment, they would have been diflblved or feparated, had they not 
been confined by fome fuch covering. I then concluded, that the 
chinks, creafes, or indentings I have noted in thefe globules, were in 
thofe parts where their fkins had a kind of feam or joining, fo that 
when warmed and moiftened, their fkins had burft open at thofe 
places, and the globules fubfided into a flat fliape, as before menti¬ 
oned. 

From this obfervation, I was induced to examine the grains of Wheat 
themfelves, in order to inveftigate, how, and for what purpofe they 
were formed with thofe indentings, chinks, or creafes. 

For this purpofe, I cut pieces off'the grains, by a tranfverfe fe6fion, 
and examined thofe pieces by the microfcope, when I found, that the 
fhell or hufk takes its courfe into the middle of the grain, and, on each 
fide, returns in a curve or bending to the chink, by which means, the 
liiifk, when the grain fwells upon being moiftened, can expand itfelf 
into a greater fpace. 

Hereupon I was led to confider, that, whereas fowls, turkies, par¬ 
tridges, pigeons, and other birds who feed on corn, cannot with their 
bills, break or grind the grains of Wheat, Rye, and Barley, but take 
them into their ftomachs entire, where, by reafon of the hardnefs of 
the hufks, they cannot be broken; feeing this, I fay, I confidered, 
that thefe kinds of grain muft have been fo contrived and formed by 
the all-wife Creator, that, without the hufks being broken in pieces 
and digefted, their contents may be dillblved : which is thus per¬ 
formed, namely, that by the moifture and heat in the ftomachs of 
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thofe animals, the outward hulks, or fhells, may be expanded and 
burll open, and the meal which they contain, having by this means 
a paffage opened to quit its covering, may be dilTolved, digelled, and 
converted into nutriment. 

To inveftigate this more fully, I took a glafs tube, about the fize of 
a fino'er, and clofed at one end ; into this I put fome grains of Wheat 
and Barley, with a fufficient quantity of water, and then applied fo 
much heat to it, as, in a Ihort time, made the water boil. Then, upon 
examining the Wheat and Barley, I obferved, that their hufks, which 
before, had been as it were clofely folded or clofed together, were not 
now, broken or torn afunder, but, in the places where the grains had 
been contradted and turned inwards, the parts had now receded ei¬ 
ther way, caufing the hulk to gape open, fo that, in fome of the 
grains, a part of the meal was vifible, and in others the whole con¬ 
tents were laid open. Some of the grains of Wheat, however, I ob¬ 
ferved, which had fwelled to three times their original fize, the hulks 
remaining entire. 

After this, I examined the dung of fome hens, which, in the time of 
a deep fnow, were kept lliut up in a coop, and fed with nothing but 
barley, which, it is well known, they fwallow whole. And, in the dung 
of thefe fowls, I was much furprized to find nothing obfervable, ex¬ 
cept a great number of pieces of the hufks of barley ; and I was at 
a lofs to comprehend, how fo great a quantity of meal as thofe hulks 
bad contained, could have entered into the bodies of thefe fowls, con- 
fidering that they were all full grown. 

Farther, I infpe6led the dung of many fparrows, in which I found 
a great number of very fmall hairs, clofely compa6f:ed together, in 
a kind of regular order ; together with many fragments of the hulks 
of Wheat and Barley. I at firlf wondered what thefe hairs might be, 
till 1 reconciled the hairy or reed-like parts at the extremities of the 
grains of corn, which I have before defcribed, and found thefe to be 
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the fame, for, in them 1 could perceive a kind of ftreak or hollow, 
which Is obfervable on thofe hairs. Thele fparrows, I underftood, 
during this feafon, when the ground was every where covered with 
fnow, fought their food in the corn market, where they picked up 
the grains which, in handling and viev/ing the corn, had fallen to the 
ground. 

In order to exhibit to the eye, the manner in wliicli the hiifks of 
Wheat are folded or clofed together, I caufed a drawing to be made 
from the microfeope, of a piece cut from the grain tranfverfely ; but 
firh, to fliew the pofition of the chink or indenting, I ordered the lim¬ 
ner to draw a figure of the entire grain, in its natural fize. This is 
fhewn at fig. 14, wherein the fiflure, chink, or indenting, is denoted by 
the letters NO. The line P Q, indicates the part from which, with 
,a very lharp knife, I cut feveral flices. 

Fig: 15, ABODE, reprefents a part or flice of the hufk of Wheat, 
inclofing the meal, cut off as above mentioned, and viewed through 
the microfeope. A, is the part near that place in the grain, where 
the young plant is fituated. GHFKI, are the two bendings in¬ 
wards of the hufk, in a kind of circular courfe, the intent of which 
formation doubtlefs is, that, when the grain fwells upon being 
moiftened, the hufk may expand itfelf, and ftill preferve the meal in 
its place: and by infpedlion of the part F, it will be feen, that the 
hufk is not clofely united where the two bendings or flexures meet, 
to the end, that when the meal expands itfelf hill more, the two 
fides of the hufk may recede from each other, and produce an open¬ 
ing at that place. 

I have already deferibed the fize of the globules of meal, by corn- 
par ifon with larger and fmaller grains of fand. I alfo caufed fome 
of thefe globules to be drawn, as feen through a microfeope of very 
great magnifying power ; firft, to fhew more diflindfly that they are 
formed with a chink or crevice on them, next to exhibit to view the 
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fmaller globules, mixed with the larger, and finally, how the chink 
or crevice appears on them. Thefe are fliewn at fg. i6, LMNOP 
QR. 

I have frequently repeated the experiment of placing a portion of 
thefe globules of meal, no larger than a grain of fand, upon a clean 
glafs; and, after pouring a drop of water on them, brought it to the 
fire. After the water and globules were heated, and the moifture was 
evaporated, the globules ailumed a flat fliape, very like that of cakes, 
which is reprefented 17, STV W. Moll of thefe had a little ri- 

fing in the middle, being the place, as I before mentioned, where, in 
my judgment, they were fupplied with juices in their growth. And I 
have often feen the very fmallefl of the globules undergo the 
fame alteration in their fhape as the larger ones. In thefe obferva- 
tions I found a portion of meal, no larger than a grain of land, mixed 
with a fmall drop of water, fully fufficient to exhibit the change of 
fhape before noted ; for, if more of the meal is ufed, the particles lie fo 
confufedly heaped on one another, that they cannot be difiindlly feen, 
and, it is fcarcely to be conceived, that a portion of meal, no larger 
than a grain of fand, fhould confifl of fo many particles as are pic¬ 
tured 'vcifig. 17. 

I have often examined a fmall piece of bread, taken from a loaf 
made of fine flour, after the huflv or bran had been taken from it. 
Tlie particles of meal in this fmall piece of bread, appeared very much 
like thofe reprefented in Jig. 17, with this difference only, that the 
particles in the bread, lay much more irregularly, and appeared more 
mis-fhapen, with ragged points and rifmgs; a true reprefentation of 
all wliich is to be feen at jig. 18, ABODE. 

4 



addition, by tue translator. 


WHOEVER perufes Mr. Leeuwenhoek’s Works, will find difplayed in 
them much found philofophical knowledge, of which feme inftances appear 
in the preceding Effay. Thefc I fhall quote, in order to explain thofeparts 
in them, which may appear difficult to feme of my readers. In page 171, the 
author tells us, that the fiibftance inclofing the young plants of Wheat, ap¬ 
pears of a different* colour from the mealy part of the grain, bv reafon that 
the globules which compofe it are not, fingly, fo pellucid, and therefore do not, 
altogether, appear fo white, as the meal; and in p. 179 he reflects, with admi¬ 
ration, how clofcly compared muft be the fmalleft component particles of 
the globules of meal, to give them that tranfparency, Tothofe, who are not 
converfant in optics, it may appear ftrange, that the moft tranfparent bodies 
have the fmalleft pores, and, that a collefilion of fmall tranfparent globules 
fliould altogether exhibit a white colour, but this is according to the efta- 
bliffied doflrine of light and colours, of which Mr. Leeuwenhoek appears to 
have been fully informed. 

As to the firft. Sir Ifaac Newton has flicwn, that it is not the largenefs of 
the pores of bodies which makes them tranfparent, but the equal denfity or 
continuity of their parts; which, he fays, appears from hence, that all opake 
bodies immediately begin to be tranfparent, when their pores become filled 
with a fubftance of equal or almoft equal denfity, with their parts: thus pa¬ 
per, dipped in water or oil, linen cloth fteeped in oil or vinegar; and other 
fubftances, foaked in fuch fluids as will intimately pervade their little pores, 
become more tranfparent than before. 

As to the fecond, white being a compofition of all colours, a colleflion of 
tranfparent globules, which, from their furfaces reflefil the light in all direfili- 
x)ns, will produce whitenefs by that reflexion. This is feen in the froth on 
liquids, and particularly foap-fuds, which is nothing but a compofition of 
minute globules of water, made tenacious by the foap. 



Of the Cocoa Tree^ and its Fruit, commonly called the Cocoa-nut. 


I HAVE faid, that ftraws, reeds, and many other ftalks of plants, 
were formed of none other than perpendicular veflels, whereas the 
ftems or bodies of all trees growing in our climate, at leail as far as 
I have ever underftood, are likewife provided with horizontal vef- 
fels ; the life of fuch lad mentioned vefTels being, in my judgment, 
to convey the nutritive juices to the exterior parts of the tree. Now 
thefe horizontal veflels impart fuch ftrength and firmnefs to the tim¬ 
ber or trunk, that the moft fpreading trees are enabled to refill the 
violence of the wind. 

But ftraws, reeds, and other llalks which are deditute of horizontal 
veflels, require fome other means of fupport; for, if all the veflfels, 
from the earth u}^4o the fummit of the flalk, were difpofed only in 
uninterrupted parallel lines, the llalks would be fo weak and flexible, 
that they could neither refill the wind, nor be able even to bear the 
weight of their own fruit. Therefore, thefe kinds of llalks, are 
ftrengthened by a fort of joints or knots, at intervals, which prevent 
the over much bending of the llalk ; and the joints are placed at 
fuch dillances that the fpaces between each will allow the bending, 
only fo much as to recover itfelf. 

What has been faid of. the joints in llalks growing in thefe regions, 
I confider as applicable to fome forts of trees in the Indies ; and, 
upon feeing foine of thole Indian trees defcribed in drawings, I im¬ 
mediately concluded, that the Cocoa Tree was of the number. 

' After feveral endeavours to obtain a fpecimen of this tree, 1 at length 
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procured from a certain fea captain, a piece of one, about a foot long-,, 
and ten inches in diameter. The bark of this wood was found, but 
the wood itfelf fo decayed, that it crumbled into powder under the 
fingers, excepting only a very fmall part. The capillary or hairy 
parts v/hich run length wife on the infide of the bark, were tolerably 
found, but they feparated from each other, as eafily as if they had 
never been firmly united, which made me fufpecf, that, if there ever 
had been any other parts to conne 61 : them, they were decayed. 

I perceived that thefe capillary or hairy parts, grew out of 
the bark, and that many of them were divided into two; and I aifo 
perceived in each of thefe capillaments many veflels. Among thefe 
capillary parts were others, fome firm and folid, others in the na¬ 
ture of veflels, but the greater part of them much decayed. 

Thefe capillary parts, were covered by the external folid bark, 
which bark was, in fome few places, thicker than in others, but, at 
the knots or joints, the bark was remarkably thick and folid. 

This bark, cut tranfv'erfely, I examined by the microfcope, and 
found it chiefly to confifl of roundifli threads, about the thicknefs of 
an hair, and thefe again compofed of oblong filaments, hollowed on 
the infides. Many of thefe latter did not take a ftraight, perpendi¬ 
cular courfe, but turned inwards towards the body of the tree. 
Farther, I obferved, intermixed among them, a kind of fubftance,, 
confifling of roundifh globules, connefted in a fort of regular 
order. Thefe parts, compofmg the external fubftance of the 
tree, were fo clofely united together, that it might be thought the 
tree had not any bark on it. From all thefe obfervations, I was led 
to conclude, that this tree receives its growth and increafe from the 
bark alone. And I perceived certain roundifli parts, which feem- 
ed to ifllie in a right line from the bark inwards, as if they were de- 
flgned for no other ufe, than to convey the nutritive juices in that 
diredion. 
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If however, we could he furniflied witli a piece of this tree, cut 
while alive and growing, our obfervations might be much more ac¬ 
curate. And, indeed, I was not without fufpicion that this piece of 
wood had been cut from a dead tree, though one of the feamen af- 
fured me, that the decay which I have before mentioned, hapi^ened to 
it on board the fliip. 

In order to place before the reader's eye the form of the joints 
knots, or bands, whereby the body of the Cocoa-tree is ftrengthened, 
.and which .as it were, furround it throughout with a fort of girdle, I 
caufed a drawing to be made of this piece of wood, on a contracted 
fcale; from which drawing will be feen, how firmly thofe trees, 
which have no horizontal veffels, are ftrengthened by thefe kind of 
bands, furrounding them in an oblique direction. 

In Plate VII.i, A BCDBFGHI KL M, reprefent this wood 
drawn fmaller than the natural fize. C M, CL, DL, EK, FK, 
F I, indicate the pofition and courfe of the knots or bands, that is, 
that they do not go in a ftraight line round the tree, but fometimes 
approach to, and fometimes recede from, each other, which approach 
nnd receding are fliown at K L. And, this oblique courfe of the knots, 
hands, or cinCtures, contributes more to the ftrength of the tree, than 
if they encircled it in the form of hoops. 

By cutting and examining this wood, in the manner I have de- 
fcribed, I fully fatisfted myfelf in the particular wherein I wiftied to 
be afcertained, namely, that the Cocoa Tree has no horizontal vef¬ 
fels. And there is moreover a circuraftance to be noted in thefe 
kinds of trees, that they have no branches except at the very tops, 
and therefore, are not fo ftrongly aCled upon by the force of the 
wind. Nor are the branches which they have, perennial, but they 
every year fall oft, and are replaced by frefh branches, which grow 
on the tree at the fame time with the fruit. 

I alfo cut tiTinfverfely a piece of the wood, in a part where it was 
A a a 
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found, in order to fhew, as accurately as poflible, the make and tex¬ 
ture of this wood, when viewed by the microfcope. 

Fig. 2, OPQR, reprefents a very fmall particle of the Cocoa 
wood, cut tranfverfely, and magnified, wherein are to be feen fix of 
the larger of the perpendicular veflels, two of which, furrounded 
by a great number of fmaller veflels, are to be feen at TT.' Of 
thefe larger and fmaller veflels, the capillary or hairy parts I have' 
mentioned, and which are very tough and ftrong, are compofed. 
But thefe veflels do not all afcend in an exabl; perpendicular direc¬ 
tion, but creep upwards in a kind of oblique courfe, one among ano¬ 
ther, by which pofition they contribute to the ftrength of the tree. 
And when one of thefe veflels or threads divides itfelf,' each divided 
part, though it prefents the figure of a fmaller filament, is yet in 
truth a perfedl veiTel. Thefe fmaller veflels, intermixed with 
the larger ones, I have caufed to be reprefented in the drawing. 

Thefe larger veflels feem connebfed together by a kind of 
veficles, which, I imagine, while the tree is alive and flourifhing, 
are filled with fome kind of liquid. Thefe veficles are not difpofed 
in any orderly or proportionate manner, but in fome places they 
may be feen heaped together to the number of five and twenty, and 
in other places, between two capillaments, will be found only a Angle 
veficle. 

Such of thefe capillaments as are next to the bark of the tree, 
are exceeding fmall, in comparifon of thofe nearer the middle ; 
and, to exhibit them to the reader, I cut clf a piece of the wood 
next to the bark, and caufed it to be drawn from the microfcope, 
which drawing is copied 3, A B C D. In this Agure, A D is 

an innermoA bark next the wood, being a very thin fkin, and the 
capillaments next to it are the fmallefl: of all, whereas thofe more 
inwards, grow larger and larger. But, though thefe innermoft capr- 
pillaments are the largefl, they are ftill compofed of thofe exquiAtely 
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thin and hollow filaments I have mentioned, the hollows or cavities 
in which I have caufed to be reprefented by a fort of points or dots; 
The black, fliade in this figure, denotes minute vefiels furrounding the 
others, which by reafon of their exceeding fmallnefs could not be 
reprefented in the drawing. 

Tliefe veficles, which I have mentioned to adhere to the capilla- 
ments, as they appear, when cut by a flraight fedlion, are fliewn at 
jig. 4, EFG H. In thefe veficles there appeared feme fmall parti¬ 
cles, concerning which, however, I could not pronounce any thing 
with certainty. 

After I had made the preceding obfervations, I received from a 
friend who obl'erved how delirous I was to inveftigate the nature of 
the Cocoa wood, a piece of that wood which he had procured from 
the ifland of Cura9oa. This was feven inches in diameter, and about 
four inches long : in the middle, it was compofed of the before men¬ 
tioned larger capillary parts, but, on the outfide> and about an inch 
from the furface, it was fo hard, that in attempting to fplitit, I broke 
a heel wedge in pieces, and I do not remember ever to have met 
with fo hard a wood. 

Between the bark and the folid part of'this wood,' I law fome 
capillary parts creeping along, and which were of the fame nature 
as thofe pidfured in 1, between G and N, and thefe capillaments', 

I was informed, are made ufe of to be twifted into ropes and ca¬ 
bles. 

I obferved, that wherever the knots or bands in the bark ap¬ 
proached each other, as at F K, there the capillaments grew out of 
the bark : fometimes I obferved one or two branches rife out of one 
of thefe capillaments, and thefe again fubdivide into 1 mailer ones, 
hollow within, and which capillaments I judged might in time unite 
and form velfels of the fize pidlured iny?^. 2, at T T. And if fo, it 
follows that the Cocoa tree receives the addition to its bulk from the - 
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bark, contrary to what w^e fee in the trees of this country, the bark 
of which receives its increafe from the wood. 

I alfo cut this w'ood from Curas^oa tranfverfely, and examining it 
by the microfcope, I found it to agree in all refpecls with that repre- 
fented mfig. 3, with this difference only, that where this wood was 
harder than the former, there the capillaments werefmaller, and alfo 
exceedingly tough. 

But as the veficles in the former wood, which are reprefented 
at pg. 4, EFGH, were in this latter much harder, and alfo 
fmaller than the former, I cut fome of them by a flraight feaion, and 
califed a very fmall particle of them, when magnified, to be drawn 
from the microfcope, which is to be feen in fig. 5, at 3LM2. 
Thefe veficles, I perceived were of a more firm and folid texture, 
than thofe in the other piece of wood, and they had in their centers 
a black fpot, which was a fign that they had had a cavity in them : 
fome of thefe veficles I cut in fuch thin fiices that they appeared 
tranfparent. 

While I was bufied in this part of my invefiigation, I happened to 
cut one of the afcending veflels, wbich in fig. 2, is denoted by T, but 
wdiich here is fhewn between IK 3 2 N. And, though the fmaller 
vefiels furroiinding it, could not, by reafon of their rainutenefs, be 
otherwife exprefied, than by flraight lines, yet this larger vefiel 
-plainly appeared to be formed of a kind of annular parts, running 
round each other in a fort of fpiral form. And, though 1 had ob^ 
ferved this formation of the vefiels in many other forts of wood, yet 
I could not till now, venture to fay, that thefe vefiels were formed in 
that manner, becaufe I had hitherto loll my time and labour in en¬ 
deavouring to difledl them accurately. But now in this objebl:, 
where the vefiel fpread or opened itfelf a little, at the place marked 
N, I plainly faw the fpiral formation, wbich difcovery gave me great 
plmfure. 
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I proceeded ftill farther in the examination of this larger velTel^ 
and I found it to be compofed of, at leafi:, live fmaller ones, which 
were placed in regular order, befide each other, and each feverally 
formed in the fpiral manner I have mentioned. Ail thefe are fhewn 
OP, and in the fame figure, at P Q, is to be feen the part 
which I before mentioned having feen, as defcribed in^^'. 5, at N. 

This circuitous figure of the veffels, may be exa6lly compared to a 
brafs wire, twilled round a fmall rod, and the fame kind of formation 
I have frequ-ntly, as I have before mentioned, feen in other woods. 
And even in a flraw I once obferved, by the microfcope, one of its 
larger vefiels to be formed, much in the fame manner as this I have 
defcribed at O P. And, when we confider the fubje6l, we cannot, in 
my humble opinion, conceive any form fo fuitable for thofe vefiels to 
raife the juices upwards. 

The fame gentleman from whom I received the lafl mentioned 
piece of Cocoa wood, fent me alfo two Cocoa nuts, inclofed in their 
feveral fhells or coverings. From one of thefe I cut fo much of the 
outer covering, as to exhibit the inner fhell to view ; and I caufed a 
drawing to be made of both,, on a contra6led fcale, which is to be 
feen sit Jig. 7, A B C D. The diameter of this external caTe or cover¬ 
ing was nearly five inches and three quarters, meafured by the fcale 
B D, which is five inches long. 

This external hulk or fheil fo firmly adhered to the inner one, 
being conne(fled to it by multitudes of veffels, that I found it a 
work of confider able labour, to tear it off. The inner fhell was 
four inches in diameter, and, having cleared it from all the veffels ad¬ 
hering to it, I replaced it in the half of the cafe or hufk, as is to be 
feen in the drawing. 

I have often been told, that the filaments of which this external 
hufk or bark confifls, are of fuch a length that they are twilled into 
cables, and alfo wove into fail-cloth, I proceeded, therefore, to exa-^ 
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’TTiine the texture of this hufkor bark, when I found, that not a tenth 
part of it confifted of thofe filaments, but that, from them proceeded 
a certain fubflance, like a colledlion of veficles, w^hich veficles, while 
the fruit was living on the tree, had been filled with juices, in like 
manner as thofe parts which, collected in great numbers, from the 
fubflance of the pear called the Sugar pear, do proceed from the 
veins or vefTels in that pear. 

To convey a true idea of the formation of this external coat, 
luifk, or covering, of the Cocoa-nut, I caufed a drawing to be 
made from the microfcope of a very fmall piece of it, as is to be 
feen in Jig. 8, M N O P Q. Here, N P Q denote the capillaments, 
which may more properly be called vellels ; they are each inclofed 
in a larger one, which larger one is compofed of numbers of minute 
veffels. 

It is well known, that alPfruits, and even the fmallefl leaves, are 
covered with a fkin, which, that it may prevent the exhalation of the 
juices, is of a very clofe texture. This external coat or hulk of the 
Cocoa-nut has that kind of fkin, which, as it appears through the 
inicrofco})e, is exhibited in Jig. 9, ABC DE FGH, where are fhewn 
Tus exa 61 iy as may be, the veffels running along tins fkin, and con- 
ne 61 ed with the internal part of the hufk, as for example, as B D E, 
A E, and H G. A branch proceeding from the veTel B E, is repre- 
fented at C D. 

In tlie fhell of the nut, picliired ^tfg. 7, there are three parts 
fomewliat refembling eyes, tv/o of which point tow’ards each 
other, the third contains the young plant, which, when the kernel 
begins to vegetate, fhoots out tlirough that cavity. And this young 
plant in its vegetation receives nourifhment from the kernel, through 
thele perforations I have called eyes, until it is able to draw its nou- 
liihment from the eartli, and this, without there being a neceffity 
for tlie fhell-of the nut to break or open. The vegetation of the 
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cliefnut is performed in the i'ame way, contrary to wliat is cbfervcd 
in the feeds of nuts, plumbs, and the like, the Ihells of which, as the 
ve2;etation of the kernel advances, divide and open themfelves. 

Moreover, I cut oiF feveral pieces from tlie hard Ihell of the Cocoa - 
nut, fome of them longitudinally, fome tranfverfely, in order to Ihew 
tlie texture of it, as feen by the microfco])e, This is reprefented at 
fg. lo, IKLMN, in the inner part of which is a vein or velTel di¬ 
viding itfelf into many fmaller ones. 

I next proceeded to examine a thin membrane or flein, which 
lines the infide of this hard fiiell. An incredible number of veflels 
which may be feen by the naked eye, are difperfed through this 
membrane; tlie haixl Ihell is of a dark colour, verging towards a 
black, and the membrane of a faint afli colour. I have often placed 
pieces of this membrane before the microfcope, and could not, 
without admiration, behold the almoft incredible number of fmall ob¬ 
long parts therein, which were heaped one on another, in fuch vari¬ 
ous manners that I could not conjedlure for what ufe they were de- 
figned ; but they all confilled of fpiral parts, fuch as are defcribed in 
J,g, 6, at O P. Thefe parts were fo exquifitely flender, that iipcn 
comparing them v^ith a vein taken from the bread of a flea, which I 
had Handing before a microfcope, I found that the vein (which was 
alfo of a fpiral form) was about four times as large as thefe compo¬ 
nent parts of the membrane, and I could not fufficiently wonder at 
the multitude of thofe fpiral parts. 

I have alfo often placed before the microfcope, thofe capillaments 
which in breaking the lb ell I found adhering to it by one of their ex¬ 
tremities, merely for the pleafure of contemplating the ohjedt; for, a 
capillainent no larger than an hair, would be feen to confilt of twent}^ 
filaments, the fmalleft of w^hich I judged to be lefs than the thread 
fpun by the fiik worm. So that, if we would compute the wdiole 
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nuiTiber of thefe filaments in a fingle nut, we mufi not reckon them 
by thoufands, but by hundreds of thoufands. 

1 hat which is the kernel of this nut, and is commonly called the 
Cocoa-nut,is a very white fubfiance, about half an inch thick, clolely 
joined to the wnole interior part of the fliell; the remainder of tlie 
cavity contains a watery juice, which is what I never obferved 
in any other feed, when come to maturity. For nuts and chefnuts 
are entirely compofed of folid parts, which we call the kernel, 
though before they come to maturity the matter inclofed in them 
is no more than a w^atery and fiimy fubftance. 

Upon this head, I reafoned with myfelf; that before the inward 
fubftance of the Cocoa-nut is full growm and ripe, the fliell becomes 
harder than thofe of any fruit known in the northern climates; and 
I concluded that when the fliell is grown perfe6fly hard, it cannot be 
afterwards increafed in fize, nor can the kernel it contains receive 
any addition to its fubftance : and therefore, that part of the nu¬ 
tritive juice which is of a watery nature, and cannot be converted 
into kernel, muft remain in the center of the nut. 

I afterw^ards fell into converfation with two mafters of Ihips, who 
had vifited both the Eaft and Weft Indies, and had been often em¬ 
ployed in colledfing Cocoa-nuts. They informed me, that when the 
fliells of the nuts were fo foft that they could be cut with a knife, 
there was nothing to be found in them except a lymph, or thin liquor,, 
of a very pleafant tafte, which information confirmed me in the 
opinion I have before related. 

At another time, upon a different inveftigation of the Cocoa-nut, 

I preffed from the pulp or white fubftance of it, fuch a quantity of oil 
as fixed me in aftoniftiment. 

After this, upon opening a Cocoa-nut which I had kept for the 
Ipace of feven months in my cabinet, I obferved thofe three foft 
ftiell which are called eyes, and from one of wdiich the 
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young plant flioots forth, to be covered, and, as it were, fealed up, 
with a fubftance like rofin or pitch. 

To give a more perfect idea of the nature of the Cocoa-nut or 
kernel, after I had bored the flieli near the place where thole 
parts I have likened to eyes are fituated, and poured out the juice 
contained in the cavity, I broke away the lb ell fo far as ^vas fuffici- 
ent to fliew the infide of the nut, that it might be exprehed in a 
drawing. 

Fig. 11, OPOR, reprefents the Cocoa-nut or kernel as it appears, 
inclofed in the fliell, w hich fliell is denoted by P Q R. At P R, are 
fome of thofc capillaments, wdiich in great numbers, are found 
-united to the Ihell, and, as they are in fadl, no other than veflels 
dedined to convey the nutritive juices, they penetrate into the inte¬ 
rior part of the Ihell, and there impart nourifliment to the fruit. 
Farther, many very fmall veh’els take their courfe through the 
hard Ihell, and thefe, as I found by the microfcope, were compofed 
of other veflels incredibly flender, the fmalleft of which W’ere of 
the fpiral formation defcribed in Jig. 6 , O P. 

STV, denote the nut itfelf, properly fo called. WXY is a 
cavity wdthin it, which contains the fap or juice I have mentioned, 
which is very pleafant to the tafle, and of a nourilhing quality. A 
drop of this juice I put into a very clean glafs, in order, when 
the watery parts of it were exhaled, to examine tlie remainder, and 
therein I did not find any faline particles, but it had the appearance 
of a fyrup, wdiich did not evaporate, being more of a fixed nature. 

This kernel is connedled wath the hard Ihell by infinite numbers 
of veflels, and on tlie fide next the ihell is alfo covered with a thin 
ikin, through which multitudes of veflbls take their courfe ; they 
are of the fame fpiral figure as before mentioned, and lye clofe to¬ 
gether, and they are not much thicker than the hair of a maifs 
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beard. Whence it appears that the kernel is formed and noiiriflied 
from thefe very flender vehels. 

Upon examining this nut or kernel by the microfcope, I found that 
Its I’ubhance is not, like other feeds, inclofed in Imall membranes, 
but confifts of multitudes of minute tubes, which take their rife 
from the hard Ihell, and reach to the cavity, within the kernel, where 
the juice I have mentioned is colledfed. They are not all of an equal 
fize, nor are they of a round figure, but rather of fix fides, which 
ill ape is well adapted to permit their lying clofe together and in 
regular order. Some of thefe are turgid with a certain fubffance, 
which in part evaporates ; others of them contain globules which I 
judged to be chiefly filled with an oil. 

Thefe fmall tubes, v/hich in fig. 11 are to be feen at W, I cut tranf- 
verfely, and caufed a drawing to be made of a very fmall portion, as 
viewed by the microfcope, which in fig. 12 is exprefled by ABCD : 
the fmall points, or dots in this figure, denote fame very fmall parti¬ 
cles, which I obferved in thefe tubes. 

Moreover, I caufed a drawing to be made of that part of the nut 
or kernel, where I judged the young plant to be fituated, in the 
ihape it exhibits when feen by the eye alone, without the microfcope: 
This occupies but a very fmall part of the kernel, and is fituated in a 
part where its fubfiance is thinnefl. A drawing of this, of the na¬ 
tural fize, is to be feen at fig. 13, ABC DEF, and HEG is the part 
which in my judgment contains the entire young plant. 

From this part I cut fome very thin flices at that end of it which 
in 13 is nearefl to the letter E. For I was defirous to examine 
whether any thing would there be found bearing any fimilitude or 
refembiance in figure to the future fiem of the tree. Some of thefe 
flices I placed before the microfcope, and caufed a very fmall portion 
thereof to be drawn, that it might not take up too much fpace in 
the paper. This is reprefented in fig. 14, at EFGHL In tlris' 
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figure IEF denote tlie fKin or covering, inclofing what I take to be 
the plant. The remainder of the figure reprefents afcending vefiels., 
and which, as far as I could difcover, were filled with an oil. Thofe 
parts which appear like larger vefiels, and are indicated by K K K, 
were fhining and tranfparent, and were compofed of other vefiels, lo 
fmall as to exceed all belief. 

Upon cutting this part marked HEG, not far from the end, next 
H, I was afioniflied to find that this was not, wholly, the young plant, 
but chiefly its cafe or inclofure, the young plant itfelf, which was 
contained in it, being not much larger than a grain of land. One 
of the pieces thus cut off I placed before the microfcope, and deli¬ 
vered it to the limner, diredling him to make a. drawing of the ob- 
jea which prefented itfelf to him, as nearly as it was pofiible for his 
art to imitate it. This flice, which had, been cut lengthwife, thus 
depiaed, is Ihewn at Jig. 15, IKLM. 

I took great pains to examine many Cocoa-nuts before I could be 
certain that whatin/^. 15, is marked I KM, was really that part of the 
young plant which would penetrate downwards into the earth, and 
become the root, and that what is defcribed at K L M was that part 
which would grow upwards into a tree ; but I am now fatisfied 
that this is- the cafe, and that the parts lafi: mentioned are the leaves, 
which in this young plant are already formed. 

I many times endeavoured to feparate thefe young plants from the 
integuments inclofing them, but always in vain ; becaufe that part 
which mfig- 15 is denoted by I KM, firmly adhered to thofe inte¬ 
guments. All I could do therefore, was, to cut the young plants in 
pieces by a longitudinal fedlion ; in doing which, however, it often 
happened, that the objedl prefented three or four lhapes to the view, 
by reafon that I had fometimes cut the plant diredfly through the 
middle, and fometimes on one or the other fide. To fet this alfo be¬ 
fore the. reader, I have given two drawings of the pieces l‘o cut, 
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omitting only tlie integuments or circumjacent parts inclofmg 
them. 

The firft is, of a plant which I had, as I believe, cut exa 611 y 
through the middle, and it is fiiewn 16, NOP Here, NOQ, 

is the part which would become the root, and OPQ, that which 
would grow upwards into a tree. And, in this young plant, are 
plainly to be feen the leaves with wTich it is naturally fiirniflied. 

The other, is of a plant which I judged, had not been cut through 
the middle ; for which reafon it did not appear fo large as the for¬ 
mer, nor were the leaves equally confpicuous. This is exhibited at 
Jig. 17, R STABZ. The place of the future root in this plant is 
marked by R SZ, and that of the Item by S AB Z. 

Although I frequently repeated thefe experiments, it was only 
twice that I could obferve the upper part or future ftem of the plant, 
in drying, feparate itfelf from the circumjacent parts. This fepara- 
tion I have caufed to be exprefied in the fame fg. 17, at SABZ, and 
atTY. 

I have generally oblerved, that the young plant, in that part 
which, in J.g. 13, is noted by EHG, occupied not more than one half 
of the fpace there reprefented, and lay near the part marked H, 
But, at one time, I law the young plant occupy only a third part of 
the fpace ; wdience it follows, that fuch fpace or cavity was nine times 
as large as the plant it contained. 

Farther, I twice obferved the young plant to lie, not precifely in 
the middle, but rather on one fide of the before mentioned cavity, 
v/hence I concluded, that it had begun to vegetate while in that part, 
for I law that the circumjacent parts had in that place begun to fe- 
parate from each other, fo that, had the vegetation continued, the 
plant would have found its way out of the fhelL This feparation of 
tile parts is reprefented in 17, at A W B. 

Moreover, I tliolight it right to give fome reprefentation of thofe 
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extended parts which fiirround the upper part of the young plant, or, 
more properly fpeaking, the whole of that plant. 

Let us fuppofe then, that I have cut off a finall flice of that part 
which in/g. 13 is pidfured between G and H, and, that in J/g. 17, a 
fmall part of the circumference of this flice, and of the fkin inclphng 
it, are defcribed at V WX. By T, and by V W X Y, that fubfiance 
is exprefled, in which the young plant, or rather the upper part of 
it, is as it were, inclofed and wrapped up. The parts of this fub- 
llance, exhibit the appearance of fmall veflels, which lie difpofecl in 
fuch flraight lines, that they naturally feem defigned to convey nou- - 
rifliment to the plant. But, in the part pidfured at H, m/g. 13, and 
where there will be found a kind of fwelling, thefe veffels are 
flretched out to fuch a degree of hnenefs, that none of the parts with¬ 
in them can be diflinguiflied without the greatefl attention. 

As the kernels of Almonds, Walnuts, Peaches, and Plumbs, 
which are inclofed in fhells, are denominated the feeds of their re- 
i'pedive trees, fo the Cocoa-nut, or fruit of the Cocoa tree, ought to 
be reckoned among the feeds of trees. In the feeds, however, of the 
trees I have firft mentioned, whofe fhells are all formed with a feam 
or joining, thofe fhells, when the vegetation proceeds, and the ker¬ 
nel fwells, open at the feam, and the young plant in the kernel, hav¬ 
ing more fpace afforded it, can expand in its growth, and ftrike its 
root into the earth. But thelhell of the Cocoa-nut has not any feam 
or joining, being of an equal flrength and thicknefs throughout, 
therefore its vegetation muft be provided for in a different man¬ 
ner ; and this I conclude to be as follows. The moiftare in the 
Cocoa-nut being inclofed and confined on every fide, when it begins 
to be agitated by that inteffine motion, produced by heat, muff ne- 
ceffarily expand itfelf with great violence, and, by that expanfion, 
the part which contains in it the young plant, is by degrees, as the 
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p]a!il iiicreafos in fizc, driven out of the Ihell tlirough the aperture 
l)eibre noted. 

Tliofe, Vvdio have lived inanj' 3'ears in India, affirm, that there is 
no tree fo beneficia], or whidi produces fo many conveniences to 
mankind, as the Cocoa ; and that it is converted to upwards of 
fixty different ufes by man. The nut not only fupplies him with 
food and drink, but from the nut is alfo extraded a liquor not much 
unlike the fpirit diffilled from barley, and from the fame nut vinegar 
is made. The tree itfelf furnifhes mails for fmaller vehels, und the 
capillamcnts or filaments v»hich furround the nut are partly wove 
into lail-cloth, and partly twilled into cables, which are ufed even for 
large Ihips. If the trunk of the tree be pierced with a fmall inci- 
fion, there will flow from the wound, every day, a quart of excellent 
liquor, and this operation may be performed twice in the year ; the 
trees, however, which are thus treated, are deprived of their fertility 
for that year. 

If we compare the fize of the Cocoa-nut, with the very fmall plant 
it contains, we may lafely fay, that' the nut is above one hundred 
tJioLifand times larger than the plant, and we may thence conclude 
that this nut, and the pleafant. liquor it contains, are deffined by na¬ 
ture, or which is the fame, by Providence, for the ufe of man, and to 
fi.ipply many of his wants. 





On hops. 


C)f the Hops which grow in the Low Countries, thofe from Liege 
are preferred to ours here in Holland, and, I doubt not, with reafon, 
becaufe the territory of Liege is one degree and an half more to the 
fouthward than Holland, conlequently the Hops will fooner come to 
maturity there; befides, in the lands about Liege the foil is deeper 
than ours. The following are the obfervations I have made upon 
this plant. 

I examined by the microfcopc, thofe leaves of the Hop, which 
compofe the pod, or cafe, containing the feed ; which leaves, being 
remarkably thin, afforded me a very pleafant objedt to behold, the 
veins or velTels fcattering themfelves in all diredlions about the 
leaves, and, in fome places, uniting again. Some of thefe veffels, I 
perceived to be filled with a red fubflance, others were of a fpiral 
figure, refembling thofe veins which I have obferved in the leaves of 
tea. 

Many of thefe leaves, I obferved to have a fmall feed adhering to 
them, at that part, where the footftalk of the leaf had hem joined. 
And, indeed, I think, that thefe fmall leaves thus bearing the feed, 
are fo formed, that each fliall produce one feed, but, it is my opinion, 
that the feeds, when the leaves do not grow to perfedf maturitv, 
cannot ripen. 

Many of the feeds I diffedled, and found nothing in them, except 
the young plant, which was chiefly compofed of the part that would 
in time become the rcot. There were, however, two leaves formed 
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ill the plant, Wt nothing elfe remarkable, except an immenfe number 
of fmall vellels or veins, difperfed throughout the beginning root. 

All thefe feed pods or leaves, chiefly in that part through which 
they had received their growth and increafe, were covered with ex¬ 
ceeding minute globules, glittering with a beautiful yellow, like gold. 
As far as my eye was able to judge, thefe globules w^ere in diameter 
about equal to the thicknefs of an hair of one’s beard, but fome of 
them not fo large. I do not confider them to be the fruit of the 
Hop, but, fome matter or fubflance, ifluing from the plant, IVich, 
for example, as if it w^as turgid with a fuperabundaiit quantity of 
juices, or, that the heat of the fun might fome days be remarkably in- 
tenfe, and that by tlie very great quantity of juices, or their extraor¬ 
dinary expanfion, they had burft through the vcflels. Many of them 
I broke, and I did not think that they w ere covered wdth any fliell or 
coat, farther than that their external furface being hardened in dry¬ 
ing, exliibited fometliing of that appearance. They contained only 
a limpid oil, of a glittering yellow-, and alfo other globules, mucli 
fmaller, but more folid, and whicli with the oil, filled up the cavity 
of thofe firfl mentioned globules. 

This appearance of globules, on the furface of the leaves, I think 
very fimilar to what I obferved fome years ago, at a houfe where I 
w'as upon a vifit; the back part of which lioufe, w^as covered with a 
vine, facing the fouthern fun. The young flioots of this vine, I ob¬ 
ferved to be, in many places, covered with tranfparent globules, and 
I judged them to have arifen from the fuperabundant juices, wiiich, 
by the heat of the fun, had been brought forth in fuch plent}', that 
there v/as not a pafiage for them through the narrow velfels of the 
branches, fo that they might be abforbed by the grapes. And the 
warmth on this vine feemed to me, to be farther aumnented from 
this circumftance, that tlie ground wiiich covered the root, w-as very 
4 'uriotifly paved witli fmall different-coloured pebbles, without an 
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herb or blade of grafs appearing between tliem. And tlie juice, thua 
expelled from the branches, was iafpiUated or thickened on their fur- 
faces into globules. 

Upon examining the globules on the flops by the microfeope, I 
found, that the part which might be called their coat or Ihell, was not 
fmootli, but rough, and in wrinkles, occafioned, as I concluded, b}^ 
.this, that the juice whicli ifllied from the plant, and formed itfelf into 
globules, had, in part evaporated, whereby the outer furface or fkin 
of thofe globules, contracted into wrinkles. 

Thefe yellow globules, when broken, and put into a clean glafs, I 
fuffered to (land in the glafs for fome days, and then applied inyfelf 
to examine the oil. I found that great part of this oil, had collected 
itleif into thin oblong particles, and, in fuch numbers, that I could not 
but filently wonder at the fight. Where this oily fubltance lay much 
difperfed, there, the oblong particles I have mentioned, did not ex¬ 
ceed in length the diameter of a very fine thread of wool, but, where 
the oil was coIleCfed in larger quantities, they were four times that 
fize. In fome places, I obferved oblong particles, with twelve points, 
ifluing, as it were, from a center, with one of their ends terminating 
in a point, the others, blunt or obtufe. 

Now', we may lay it down for a certain truth, tliat thofe pellucid 
and oblong particles, which I have mentioned to be intermixed with 
the oil, although, by their Jninutenefs, they efcape our fight, are 
really a fpecies of falts, and tfiat the bitternefs which Hops impart to 
beer, is produced by thole falts. And we may alfo be allured, that 
thefe minute falts, although they may be a thoufand times lefs than 
what can be feen by the microfeope, do 3^et, agree in fhape and 
figure, with the larger falts of the fame fpecies compounded of them, 
in like manner as we obferve in common fait, in nitre, or fait petre, 
and in many other falts. The fame may be obferved, in that kind of 
fugar called fugar-candy ; for, upon this becoming damp, on being 

C c « 



( 210 ) 

expol'ecl to a moift atmofphere, when it afterwards dried, I have heard 
women complain of its having loft its bright colour. Upon examin¬ 
ing into the reafon of this, I found, that the furface had been in part 
dilfolved by the moift air, and when, in drying by the fire, it again 
became hard, an incredible multitude of fmall particles, very many 
of which agreed in fhape with the larger parts, had colledled upon 
the furface, and this colledion of minute particles, clouded the bright- 
nefs of the fugar-candy. 

But, to return to the falts in Hops ; how will thofe philofophers get 
over the difficulty, who obftinately contend, that bitternefs is caufed 
by a fort of minute hooks in the falts, which by their pundlures pro¬ 
duce that tade we call bitternefs ? 

I have often laid a fmgle leaf of the Hop, fucli as I have defcribed 
it, upon my tongue, and held it there the fpace of half a minute ; for 
I was defirous to try the experiment, whether fuch a fmgle leaf, 
which is frequently covered with the yellow globules I have defcribed, 
could excite a fenle of bitternefs. And, it is not without wonder, I 
declare, that fuch a lingle leaf, upon being ftrongly compreffed be¬ 
tween the tongue and the palate, fpread all over my tongue a very 
bitter tafte, and indeed, much ftronger than I expedfed. 

Not content with thefe obfervations, I placed a parcel of thefe oily 
globules, fome of them pounded or bruifed, Ibme of them entire, in 
two feparate glaftes, and, with all the attention I was able, I examined 
them by the microfcope, but I did not find any particular kind of 
particles in them. 

I tlien placed the glafles in my cabinet, and, that no kind of filth 
or dirt might become mixed with the oil, I covered them with paper. 
After twenty-four hours had elapfed, I examined them very atten¬ 
tively, and, in fome few places, I perceived fome of thofe oblong par¬ 
ticles I have before mentioned, which were very fmall and thin, and 
after twenty-four hours longer time, a much larger portion of fuch 
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falts was dilcoverable. Thefe obfervations were in the winter, when 
the weather was not favourable for fuch enquiries; but, had they - 
been made in a milder feafon of the year, I doubt not, that the falts 
would have been formed more fpeedily, and in greater plenty. 

I think it might be worth while, in the fummer-time, to examine 
the flowers and bloflbms of various trees, particularly thofe, of which 
bees appear the fondeft, by which examination it might perhaps be 
difcovered, what kind of fubftance, if any, and of what qualities or 
properties, ifliies from fuch flowers, and adheres to their furfaces. 

Atone time, in the month of Ofiober, I was informed by a Hop 
Fadfor, that the Hops in that ^^car, were of an excellent quality, 
whereupon I procured fome of the feed pods, of that year's growth. 
Upon examination, I found each of tliefe feed pods to contain thirty 
or even forty feeds. When I liad ftrippcd the feeds of the fmall 
leaves or integuments furrounding them, I obferved, that the young 
plants within them contained, in proportion to their fize, abundance 
of oil. I farther noted, what I have already mentioned, that each 
young plant had two leaves, and thefe in proportion to the minute- 
nefs of the plant, w^ere remarkably long, Thefe leaves lay in each 
feed compadfed and twined together, much like the fpiral folds in tlie 
flieil of a fnail; and, wdien I laid open the folds, I faw^ within them, 
ftill more leaves, but exceflively minute, and which indeed, I could 
not difcover in all the feeds. From hence it appears, that the feeds 
of the Hop differ from moll; of the larger fort of feeds, and do not 
contain in them any fubftance to nourifli the young plant, whicli 
j)lant therefore is more perfedlly formed than that in the larger feed 
of the Chefnut. 

As to thofe beautiful globules whicli I have before mentioned to 
have obferved, thofe, in this fpecimen of the Hop, were dried, and 
rather flirivelled. Having broken them, I put them into a glafs, and 
breathed on them with my warm breath two or three tim.es, where- 
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upon tlie oil dillblved into a wonderfully fluid fubflance. The glafs 
f then placed, wlierc no dull could reach it, and, upon examining it the 
iiext day, I law fuch a multitude ot falts of different magnitudes dif- 
perfed about the oil, as it would almoft exceed belief to relate. Moft 
of thcfe falts were pointed at each end, but many of them were fo 
minute, that their figure could not be known or Judged of, but by re*- 
ference to the larger ones adjoiningto them. In fome of my obfer- 
"vations on tliis oil, 1 found the lalts to appear in it, at the expiration 
of only half an hour after it had been put into the glafs, and they 
ijicreafed in number and fize every liour, the fmaller growing larger, 
and the oily liquor evaporating; and I found that this fpecimen of 
the Hop plant, contained twice as many falts as were in tlie former 
one. 

I obferved one thing which feemed flrange to me, namely, that 
many of thofe oblong falts which I had faid were pointed at both 
ends, did not extend in a flraiglit line, but were fomewhat bent or 
doubled together; but, wliether thefe falts fo bent into a bow-like 
figure, do, for that reafon, excite the motion or fenfation in our 
tongues, which we deh'ominate bitter, I leave to be examined by 
<?thers. 






On cochineal. 


W HEN I firft applied niyfelf to invefligate the nature of Coclii- 
neal, I concurred in the general opinion which then prevailed, that 
it was the fruit of fome tree; and, having at the requefl of the 
Honourable Mr. Boyle, further profecuted the examination, each 
fingle piece, or fruit, as I then thought it, appeared to contain one 
hundred or upwards of what feemed to me to be very fmall feeds, 
jliaped like eggs, each inclofed in its particular membrane ; thefe 
obje6fs, however, I could not bring into view, until the Cochineal 
had lain in water for Ibme hours, and then, the outer fkin being taken 
off, thefe apparent feeds, which were very foft, prefented thcm- 
felves ; many of which were inclolecl in the membranes I have 
mentioned, wliich feemed to be their natural coats or coverings, and 
were twice as large as the feeds themfelves : the membranes were 
filled with a watery fubftance, of a lovely red, but the feeds were of 
a dark red or tawny colour. The feeds themfelves, upon being diff 
fedfed, appeared to confift of nothing but very minute globules of a 
red colour. 

The remainder of tlie Cochineal, or that part of it which inclofed 
all thefe feeds, was compofed of very thin membranes, which were alfo 
of a red colour, except that a very fmall quantity ^^’as to be feen, of a 
certain colourlefs fubftance, which, to me, had the appearance of an oil. 
And to give an idea cf the general appearance of the figure of Cochi¬ 
neal, I know not an}-^ manner of exprefting it, better than by compa¬ 
nion, With a parcel of dried black currants, witli their fkins and feeds. 
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regard being neverthelefs had to the different fizes of the currants, 
and the Cochineal. Laftly, when 1 divided the membranes or feeds 
of which Cochineal appeared to confift, into as thin portions or par¬ 
ticles as I was able, thofe thin particles, did not, as I may fay, exhi~ 
bit any particular colour. 

The preceding obfervations I communicated by letter to Mr, 
Boyle, from whom I received an anfwer, to the following effedf; 
that he had underltood from a Governor of Jamaica, that Cochineal 
was produced from the fruit of the fig-tree, wlien in a date of decay, 
at which time, there proceeded from thence, certain maggots or au- 
relias, which changed into flies ; that thefe flies fettling on the trees 
were there killed by making fires under the trees, the fmoke of 
which caufed them to fall down ; after which, they were dripped of 
their heads, the fore parts of their bodies, and their wings, and the 
remainder preferved for ufe, fo that Cochineal was properly, and in 
truth, the hinder part, or tail of a fly, and confequently, that my ob¬ 
fervations were fo far corre(ff, that the fubdances I had feen were 
really eggs, fuch as are found in the hinder part of the filk-worm's 
moth. 

To this I replied, that, in my preceding obfervations, it was im- 
poflible for me to judge, that Cochineal was an animal fubdance, 
bccaufe there was nothing to be feen in it, that refembled an animal¬ 
cule, and that I had concluded, if it liad been an animal, it would 
have been devoured by thofe minute animalcules, called mites; and 
I added, that in conlequence of the information communicated by the 
Hon. Mr. Boyle, in his letter, I had repeated my obfervations, the 
refuit of which as 1 communicated them to him, is as follows. 

On this renewed invedigation of the fubjedf, I was fully convinced, 
that every fingle grain of Cochineal, was part of an animalcule, from 
which, not only the head, the fore part of the body, and the wings, 
liad been broken off, but that alfo the legs, and that part of the body 
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to which the legs are joined, had been thrown away, fo that nothing" 
was left, except the animars hinder part; and I imagined, that 
the colourlefs fubhance I before mentioned, and ^^hich is to be ob- 
ferved in the chinks or creafes in every grain, is Ibme preparation, 
applied to the Cocliineal, wlien it is colle6ied for fale, to defend it 
from the mites, which otherwife would dcftroy or devour it. 

Thefe creafes or rings, in every grain of Cochineal, I imagine are^ 
the articulations or joints, in thole kinds of maggots or caterpillars, 
which afterwards change into a flying inl'ecf: And 1 did not doubt, 
that, at the proper feafon, when a fimilar kind of infe6fs could be 
found in this country, I Ihould eflablilh that fahf, allowing only for 
the difference in fhape and colour between them, and thofe which 
conftitute Cochineal. 

After this, I examined a large parcel of Cochineal, and in it I 
found feveral of the fliells or coverings of the wings, w'hich fliells 
were of a black colour, with each a red f'pot in the middle. Many 
infedts are provided with thefe kinds offhields, fhells, or cafes, to de¬ 
fend their wings and the hinder parts of their bodies, wiiich are 
very foft, from injury; and, when they prepare to take their flight, 
they eredt thefe fhields or cafes upright, and fpread their wings. 

In this parcel of Cochineal, I alfo found among the grains, feme 
fragments of aurelias, which I concluded had been formed from the 
maggots or caterpillars of this fpecies, and, in one of them was a piece 
of a maggot, wdiicli, in part, feemed to have been devoured by mites. 

The children in this country, are accuflomxcd, in the fpring time, 
(wdien the white nettles, or, as they are commonly called, the blind 
nettles, are in bloflbm) to go in fearch of a fpecies of fmall flying 
infedls, called by them lady-birds, wTich, for the moft part, are to be 
found on thofe nettles. The fubjedl now before me, caufed me to 
turn my thoughts on thefe infedfs (though they are fmaller than 
thofe whofe bodies conftitute Cochineal) and I employed fome cliil- 
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dren, at the proper feafon, to collect: fome of them for me; judging 
that, when (tripped of their wings with tlie cafes, and their heads and 
feet, the remainder would be found to relemble Cochineal. 

Thefe lady-birds, as tliey are called, I killed with the fmoke of 
fulphur, and afterwards dried them ; and when I had taken off the 
red Ihells or cafes which cover the hind parts of yheir bodies, I found 
under them two red wings, the extremities of which were folded to¬ 
gether, becaufe, being longer than the cafes, they cannot otherwife 
be covered by tirem. 1 alfo took off their v/mgs, feet, and lieads, 
and then I found, that the cavity which is feen on every grain of 
Cochineal, is on the back or upper fide of the animalcule, and is 
caufed by tlie drying; tliat part of the grain which appears with a 
kind of rifing, is the lower part or belly. As to thofe grains in Co¬ 
chineal, which have fmaller cavities than others, I conclude, that tliey 
mult have been tlie female inlebfs, whofe bodies, being filled with 
eggs, do not admit of their contrabling in fo great a degree; and 
thougli tlie hind parts of tlie bodies of thofe infedls which compofe 
Cochineal, do Ibmewhat differ from thole of the lady-birds, yet, I 
was now, more than ever, affurcd, that, not only the infebl which 
produces the Cochineal, but alfo thofe others I have juft mentioned, 
are formed from maggots or caterpillars. For, if we confider the 
nature of all thole flying animals which are bred from caterpillars, 
maggots, or, what are called gentles, we fliall And, that all thofe 
annular parts, articulations, or circular creafes, which are in the 
caterpillars, maggots, and gentles, are alfo found in the flying in¬ 
fects bred from them ; and in the fame number. To inftance in the 
gentle, from w hich the common fly is bred; if we examine the fly, 
and confider its head to be compofed of one of the annular parts, or 
articulations in the gentle, w^e lhall find that the breaft to which are 
joined the fix feet, contains three diftindt articulations, and the hind 
part of the body five moie. In a word, the body of the fly is divided 



into nine ievcral parts, joints, or articulations, and fo many alfo are 
found in the gentle. This gives tiie reafon, why we mull not lup- 
pofe, that the rings or creafes which we fee on the grains of Cochi¬ 
neal, are accidentally produced in the drying, for they were com- 
pleatly formed in the maggot, from whence the flying infe6l ifilied, 
the hinder part of wliofe body conltitutes that fubftance named 
Cochineal, of which, if we examine the grains, we fliall find them 
to contain ten articulations ; and the fore part of the infedCs body, 
which includes the head and feet, and tlie wings with their cafes, 
being compofed of four joints or rings, it folio W’s, that the Cochineal 
infe6l is formed of fourteen joints, rings, or articulations. 

After I had left the grains of Cochineal in vrater, for the fpace of 
tw'enty-four hours or upwards, I obferved, that the cavity, which 
had been caufed in them by the drying, was fwelled and extended 
to its original fliape, fo that the grains appeared exadtly to agree, in 
form and make, with the hinder parts of thole infedls, whole wings 
and bodies are covered with Ihells or cafes. 



All account offo^ne pieces of Amber prefented to the Author; alfo of a 
ftibjlance refemhling burnt paper, reported to have fallen out of the 
clouds in Coiirland. 


A PrufTian Gentleman, by profefiion aphyfician, on a certain time, 
earneftly requefted me, by letter, to receive a vifit from him, and, 
with the fame letter, tranfmitted to me, fome fmall pieces of Amber, 
which, lie laid, were fent as a prefent to me, from fome perfons of 
note in PrulTia. 

In thefe pieces of Amber were feveral fmall animals, namely, a 
Fly, a Gnat, a Spider, and azi Ant. In the two firft of thefe crea¬ 
tures, I not only plainly law the wings, but, by the microfcope I 
could difcover the feathers and hairs on them, and alfo thofe protu¬ 
berances or appearances like coral beads, of which the eyes of thofe 
infects are compofed ; I alfo faw the hairs, and nails or claws on all 
of them , as plainly as if they had been placed before the microfcope, 
without any intervening medium. In one of thefe pieces of Amber, I 
law a little piece of flraw, in which I could diftinguifli the tubes or 
veffels of which hraw is compofed. 

The manner how thefe animalcules became inclofed in the Am¬ 
ber, and the nature and compofition of Amber, are equally unknown 
to me ; and I cannot fubfcribe to the theories or opinions of others, 
which do not feem fufficiently fupported, nor am I at prefent parti¬ 
cularly called upon, to make any farther enquiry into this matter. 

The fame Gentleman, among other fubjedfs of converfation, told 
me, that in Courland, there had been found in a field, fomethingre- 
lembling burnt paper, being as much as two or three flieets in quau- 
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tity, which it was reported Iiad fallen from the clouds; tliat he had 
procured a piece of it, which he had examined by the microfcope, 
but could not form any fatisfadfory judgment refpedling it. And, 
finding me defirous of feeing this pretended paper, he after\^•ards 
fent me a piece of it. 

I had not had this fuppofed paper in my pofleffion half an hour, 
before I obtained, by the help of the microfcope, fo mucli infight into 
its nature, that I judged it to be a vegetable produdtion, of a fort 
which grows in the water ; and I concluded, that if the fadl was, as 
reix)rted, that it had fallen from the upper region of the air, it 
had been carried up thither by what is called a water fpout; though 
I am much more inclined to believe, that by fome heavy ftorm of 
rain, or the melting of fnow, (if the country is mountainous) the 
ponds or ditches miglit have overflowed, and carried with their cur¬ 
rent this vegetable produdlion while green, leaving it on fome field of 
grafs or arable land, and there, by tlie fun and wind, it might be very 
much dried, fo as, in fome meafure, to refemble burnt paper: more¬ 
over, I was well afllired, that I had feen this kind of fubfiance in con- 
fiderable quantities in ponds, ditches, or canals, in this country; my 
only difficulty was, to difcover, how it acquired the black or appa^ 
rently burnt colour before mentioned. 

To fatisfy myfelf in this refpedf, I went to fome ftagnating pieces 
of water in the neighbourhood of this town, where I had feen this 
vegetable, which is an aquatic plant or weed, in great abundance, 
fome of it I brought home with me, and fpreading it open between 
pieces of thick paper, I laid it before the fire to dry. I then perceived 
that where many pieces lay heaped one on another, their natural 
green was changed to a blackifli caft ; but, where the pieces lay finglj', 
they preferved their green colour. 

After this, I examined the before mentioned imaginary paper more 
accurately, and I faw very difiindlly, that it was exadlly of the fame 



make and texture, with the pieces of green plant or weed I liad ga¬ 
thered ; and, upon examining this laft, when in the fame ftate as I 
took it out of the water, J faw by a common mag'niiier, wliat feemed 
to me like very thin threads in it, much finer than hairs ; they were 
round, and their membranes or coats very tranf])arent, and they were 
filled witli great numbers of green globules, of different fizes, the 
mod of them about the fixth part as large as a globule of the Immaii 
blood. And though this green weed, when I firlf laid it to dry, was 
m parcels heaped together, to tlie tliicknefs of one's little finger^ 
3’et, when dried, it v'as no thicker than common paper, whence ma»y 
be gathered, wliat a vaft quantity of watery particles are contained in 
this aquatic plant or weed. 

In a word, this fuppofed paper from Courland, which is there 
reported to have fallen from the clouds, and the green weed or leaf, 
prepared by me in imitation of it, are, in their component parts, fo 
cxadfly alike, that they may be faid to be one and the fame. For, 
in divers of the filaments or threads of the firff, I could perceive the 
membranes compofing them to be the fame as in the fecond, and, in 
an iuindrcd places, I could j^erceive thefe filaments to be furnilh'ed 
with joints, which were alike formed in each fpecimen. 

Thefe obfervations fhew, how far conceit and imagination will lead 
fome people, and who knows, how many perfons may have pieces 
of this imaginary paper, treafured up in tlieir cabinets as great 
rarities ? 



0 / the herb Periwinkle^ wherein the opinion that it does not hear any 
feed, is refuted. 


I WAS induced to turn my thoughts to the confideration of the 
herb Periwinkle, from an opinion which is entertained, that, though 
it hears a flower, it does not produce any feed. I therefore pro¬ 
cured fome bloflbms or flowers of this herb, as they gi;ew on the 
ftalks, for I was well allured, that no flower is produced by an}^ 
plant, which, when it falls off, is not fucceeded by fome kind of 
feed. And, upon examining by the microfcope thefe flowers, and 
the remains, as I may fay, of fome of them, which adhered to the 
flalk, in the places where the flowers had fallen off', I very plainly 
faw, that thefe remains were formed for the particular purpofe of 
producing feed ; for, in fome of them, I faw two or three feeds, 
though very minute. 

An acquaintance of mine, a refpeblable perfon, gave me fome of 
thefe flowers, wdiich he had gathered from a plant, growing in a 
place, where the rays of the fun feldom penetrated : and the fame 
perfon, pafiing by a houfe, where this plant was placed as an orna¬ 
ment, and obferving that there were Ibme feeds on it, he brought 
me a few of thofe feeds with the fliells or pods inclofmg them. Thefe 
feeds were of a dark colour, oblong, and much larger than I 
cxpebled to have feen, and they were inclofed in a flrong and 
tough fhell. They were not much Ihorter than coffee berries, though 
the coffee berries are four times as thick ; and laftly, the feeds of 
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tlie Periwinkle arc diliiiiguifhable by tlie fame kind of creafe 
chink, as is to be feen in coffee berries. 

Six of thefe feeds, I ffecped in water for feveral hours, in order 
tliat I might be able to cut them, through the hard fhell or huff 

into very thin dices; and, upon, placing thofe dices before the mff 
crofcope, I law, in every feed, the young plant concealed. I I'aw 
likewife, in feveral of them, the two leaves with which thefe kind of 
young plants are generally })rovided, and thefe fmall leaves, wffich, 
]n didecling the leed, I had cut through, appeared lbme\vhat of a 
dat diape : I alfo could didinguidi the veins and veffels in thefe leaves. 
Upon repeating tlie experiment, I cut through that place in the feed 
which partly dioots upwards into a dalk, and partly penetrates down^ 
wards into a root. And here, I could difcern the vedels,. deffined to 
convey the juices upwards or downwards, to thofe refpedfive parts of 
the plant. In fome of thefe feeds, however, the young plant was not 
compleatly formed. 

After this, I cut the outer huff or Ihell, and the farinaceous fub- 
fiance which furroundec! tfie young plant, into very fmall places 
lengihwile, in order to take the young plant, whole and entire out of 
the ieed. And having fucceeded therein to my willi, I clearly per¬ 
ceived in the plant the two oblong leaves I have mentioned, with their 
vellels and veins; and I farther faw, that the fides of the leaves, 
which lay next each other, were fomewhat flat, the outer fides of 
them rounding. The vellels on the fides of the leaves, on account 
of their opacity, I could not perfedlly diftinguilh. The young plant, 
inclofed in the feed, I judged to be fixteen times fmaller than the feed 
itfelf. 

The young plant in the feed of this herb. Periwinkle, is remark¬ 
ably long and (lender ; the plant itfelf does not rife up into a ftalk, 
but creeps along on the ground. And, as in this refpea, it is fimilar 
to moft plants of the vinefpecies, which are by nature what is called 
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creeping, and therefore are iifually trained againfi: fonie fupportf 
fo, the young plants, in the feeds of the Periwinkle, and in that of 
the Vine, I mean, what is contained in the grape-ftone, are of a 
fimilar lha]:>e, though the feeds themfelves, are wholly of a different 
figure: and, as to the circumftance, that feeds are feldom found in 
the Periwinkle, whence the notion of its being entirely deftitute of 
feeds, feeins to have proceeded, I guefs this to be the realbn, that, 
it is generaily planted in the moft obfcure and unfavourable places, 
where it receives very few of the fun-beams. 

Moreover, I examined the mealy fubftance w^hich furroiinds the 
young plant, and found it to confift, in part, of veficles, of equal 
fizes, but much larger, than the veficles which are found in the 
cocoa-nut. When 1 ftrongly comprefied thefe mealy particles, I ob- 
ferved many oily parts, of a globular form, and fo large, that they, 
feemed to be compofed of many receptacles of that oil. 

Finally, 1 placed fix of the Periwinkle feeds in moift fand, which 
I put into a flrong and large glafs tube ; this I carried, for the 
fpace of an entire month, in my pocket, wiiere, in the day-time, the 
natural heat of my body was imparted to them; and, at the expi¬ 
ration of that time, I took out one of the feeds, but, I did not per¬ 
ceive any alteration in it. I therefore kept the remaining five feeds- 
in the fand, taking care, that they fliould always be moift. And, 
at the end of another month, I again examined them, but found their 
figure unaltered, though the feeds w^ere grown fo loft, that, they 
might be broken with one's nail only. I then took the young plants 
out of the feeds, and 1 could not obferve in them any tendency to¬ 
wards decay or diffblution, nor any advance towards vegetation or 
increafe. 

E e 



Of the root named * Pareira Braxm. 


Seeing, in the Philofophical Tranfa6hoiis of the Royal Society 
of London, the Root named Pareira Brava, very much extolled, on 
account of the medicinal virtues it is faid to pollefs, I was induced to^ 
publiOi tlie obfervations I had made on that root. 

A gentleman of fome confequence in this country, produced to 
me a piece of this root, adding, that it was difficult to be met with, 
and was very highly valued, for that a few grains of the powder, 
adminiftered to a fick perfon, would be found of fmgular benefit. 

In order to examine this Vvood by the microfcope, I obtained from 
this gentleman a fmall piece, from which I cut off about the quan¬ 
tity of a grain, and this again, I divided into hill fmaller flices, 
ibme by a longitudinal, and fome by a tranfverfe fedlion. I then, 
by the help of the microfcope, difcovered, that the wood contained 
many very large pores, in fome places difpofed fingly, in others, two- 
or three placed adjoining to each other. I next, put thefe very thin 
llices into a perfedHy clean glafs, and poured water on them, in- 
order to feparate from them, the falts they might contain, which 
I was very defirous to examine: Then, upon applying the micro¬ 
fcope, I obferved great numbers of exceffively minute, glittering 
particles difpofed throughout the water. Thefe particles were of 
various and peculiar ffiapes, very like thofe falts which I have often 

* This is the root of an American convolvulus, dJfampeJos Pareira of Tj'mnxus) 
brought to us from Brazil. The reader will find it defcribed in the New Edinburgh 
penfatory, being an improvement of Dr..Lewis’s, 



( 225 ) 

found in fea-fifli. Then, becaufe I imagined that thefc particles, as 
far as I could judge by my eye, were no other, than abfolute falts, 
I immerfed fome of them in burnt wine, to fee whether they would 
be dillblved in the wine. But, all of them preferved their lhapes 
unaltered, fome of them exhibiting on the glafs, a triangular figure, 
and fome being perfe6lly fquarc. But, it w'as my opinion, that thefe 
falts, Iiad been inclofed in certain veficles in the root, and, when 
extrabled from them by the water, had concreted into the falts I 
have deferibed ; for, I had obferved the Pareira Brava to be fur- 
aaiflied with many of thofe veficles. 

Not liaving fully fatisfied myfelf by the examination of this piece 
of the Pareira Brava, I endeavoured to purchafe fome of the root in 
our town, but I found, that the very name of it was unknown here; 
Jiowever, in a neighbouring town, where it had been in ul'e for about 
a twelvemonth, I procured an ounce and a quarter, and, upon com¬ 
paring this with the former fpccimen, by the help of the microfeope, 
I found them to correfpond exablly. 

This laft-mentioned root, was a piece, fplit lengthwife, and, as 
near as I could judge, of live years growth : it was lialf an inch in 
thicknefs, and the texture of it appeared to me of a wonderful 
make.* I divided a fmall piece of it, into very minute fragments, 
and, putting tliem into a clean glafs with fome rain water, 1 caufed 
the water to boil, until more than half of it was boiled away, the 
remainder I took off the fire, judging, that the faline particles, were, 
by this boiling fully incorporated with tlie water. In this water, 
however, I difeovered nothing by the microfeope, except feveral very 
fmall and thin membranes fwimming on the furfacc: I therefore 
expofed fome drops of it to the air, in order, tliat the evaporation of 
the moifiiire might caufe the falts to concrete. But, in a fliort time, 

^ The author has not given a figure olthis rmt. 
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there appeared fuch a membrane or film on the furface of the waten 
that nothing could be diftinguifhed in the fluid, except fome excef- 
fively minute particles fwimming in the water in fuch multitudes, 
that, if fome of them had not collcdfed together in the form of falts, 
I could not liave difcovered them. And, I could not fufficiently ad¬ 
mire, that from fo fmall a fragment of the root, fuch a quantity o£ 
falts had pafibd into the water. 

After this water had flood undidurbed for fome time, and the 
films on it were fubfided, I put a drop of it, about the fize 
of a pin’s head, into a clean glafs, and mixed with it fome blood, 
which, by the punclure of a needle, I drew from my finger. Where¬ 
upon I favr, that the globules of blood from whence its rednefs pro¬ 
ceeds, were, upon being thus diluted, more feparated and fcattered than 
I remember to have ever obferved. There w^as alfo this remarkable 
appearance, that moft of the globules had a kind of hnus or cavity 
in them, the fame as if one had a bladder filled with water, and by 
prelling a finger on the middle of the bladder, made a cavity or fur¬ 
row in it. And, when the globules, after affuming a flat fliape 
{ for when they are fomewhat difperfed or feparated, their extreme 
foftnefs caufes them to become flat) got fomewhat clofer together, 
they put on an ovaf figure, and then, the cavities I have mentioned, 
alfo became fomewhat oblong. But, when globules of blood are 
concreted or coagulated, they exhibit the appearance of a folid body, 
the component parts of which, cannot be diftinguifhed by the eye, ex¬ 
cept that, in the coagulated parts, they fecm rather to differ in fizc. 

Now, having fo often experienced as I have done, how very foft 
are the globules of blood, and how fpeedily, when flightly in con- 
tadf, and expofed to the air, tliey coagulate, I cannot, in any man- 
ne7y comprehend, how it is, that tliofe globules when in the veins 
and arteries, where they fo firongly propel and comprefs one an¬ 
other, do jiot coagulate. Still lefs can I comprehend, why, ^^heJu. 
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the fki’n, or the arteries, are coniprefiecl with the hand, the blood 
itfelf does not become thicker. 

After this, I cut the root into many fmall pieces, both longitu¬ 
dinally and tranfverfely, in order to inveftigate, whether thofe mi¬ 
nute faits, which I deemed to be in the root, could ])e there difco- 
vered. For, I was perfuaded, that there were in the root, fome 
kind of veficles, full of a certain humour or moifl fubflance, and, that 
upon the evaporation of the moiflure, the faline particles which 
abounded in it, concreted together, as 1 have mentioned above. 

Having now plenty of the root, to purfue my experiments, I. 
found, that more than one-third part of it, confrfted of veficles, 
arifing at the inner part of the root, and tending towards the exte¬ 
rior. In thefe vehicles, lay certain minute halts, collected as it were 
in cluhers, fo that frequently, fix or feven appeared together, in a cir¬ 
cular pofition : and, where thefe clufters were longer than broad, I 
judged tliat, at leaf! there were twenty halts in every clufter. 

Thefe particles, in my opinion, when firfl formed in the root, are 
larger ; but, that in the drying, they become fo clofely compacted 
together, that they each affume different fltapes, fome being trian¬ 
gular, fome quadrangulcLr, &c. which I have alfo obferved, in moll 
things when heaped together promifcuoufly. From hence, at length 
I gathered, that thefe fmall particles, were no other than very mi¬ 
nute halts. 

For my farther fatisfadlion herein, I took fome of thefe v'ery 
minute faits out of the-membranes or veficles containing tliem, and 
after wetting them with rain-water, I put them into a very clean, 
glafs, and placed them over a burning coal, in like, manner as I 
have pradlifed in experiments on the globules of meal. I then ob¬ 
ferved, that thefe particles, which, for the prefent, I will call mealy 
particles, and which, before, were globular, now affumed a flat* 
lhape of a circular figure. So that, thefe particles may, perliaps^ 
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v'itliout impropriety, be deemed farinaceous or mealy parts; for, 
as I have faid, tlieir globular form was changed to that of flat and 
circular, but of different dimenfions. This experiment I often re¬ 
peated, and always found the event alike. 

Having never before, found thefe collections of particles fur- 
rounded by a membrane in any other wood, but only in certain feeds, 
I was not content with the examination of this root, Pareira Brava, 
but applied mylelf to the infpe6lion of other roots, fuch as that of 
tile China root*^, in whicli, I not only found the fame kind of 
fubflance, or particles, as in the Pareira Brava, but, the particles 
were fo very large, tliat I could very plainly perceive in them, the 
fame kind of chink, furrow, or creafe, as I have in another place 
mentioned, to have obferved in the grains and meal of wheat. And, 
as to all thefe mealy particles, in both the fubjeCts I have mentioned, 
I could perceive them, wdien brought to the fire, uniformly alter 
their figures, from a globular, to a flat and circular fhape. 

Now, fince it appears, that the particles in the lafl-men- 
tioned root, have in them thefe chinks or creafes, and, that w'hen 
w'etted and afterwards dried, they change their figures as before re¬ 
lated, we may reafonably conclude, that the very minute particles 
which abound in the Pareira Brava, have alfo the fame kind of 
chink, or furrow, though fuch furrow is to us invifible. 

Let us now fuppofe tlicfe very minute particles, which I call 
inealy ones, contained in the root of the Pareira Brava, to be admi- 
niflered as a medicine, and by the heat and moiflurc of the 
body to be diffolved : let us fartl'ier fuppofe that the particles, fo dif- 
lolved, are, by tlie continual motion and agitation of tlie body, in or¬ 
der, that they may perform their office of refloring liealth, commi¬ 
nuted and broken into other particles of inconceivable tenuity 

This rO':.tis very m nutely defaibed in Dr, Adruc’s Treatifeon the Verereai Difeafsi. 
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and finenefs. We do indeed, hereby gain fome infight into the 
manner of Nature’s operation of healing ; but, in what particular 
manner, the particles, fo attenuated, do a 61 : in the accoinplifhment 
of her purpofe, will, if I miftake ]iot, for ever remain undifcover- 
able by human powers. 

Farther, I took a portion of tlie root, in quantity about five grains 
apothecary’s weight, and placed it on the fire, in order to draw from 
it the oil and volatile fpirit it might contain. When this was burnt 
to a coal; in order to difcover its fixed falts, I poured on it a little 
rain water, which water becoming very turbid and foul, by reafon 
of the burnt matter, I ffrained it through a filtering-paper, and 
placed portions of it on fcveral pieces of clean glafs, to the end, that 
the watery parts might evaporate. Neverthelefs, there frill remained 
fomething of a vifeou-s matter,, from whence I concluded,, that lome 
parts of the root had efcaped the fire : this was all that occurred to 
me worthy of note in this experiment. 

A certain phyfician, in converfation on the fubjedt, fuggelfed to 
me, that if the coal of the root was burnt to a white afn, tlie faJts 
would certainly be difeovered. But, though, in attempting to effedf 
this, the glafs on which the pieces of root were placed, always 
melted by the violence of the heat, the pieces of wood were never 
burnt to aflies. 

Hereupon, I placed fome pieces of the Pareira Brava root, on a 
piece of charcoal, fuch as the goldfmiths life, and diredfed the 
Bame of a large candle againft it, by the blaft of a Blow -pipe ; by 
v> hich means, the root was almoft all confumed to a white alh : this, 
I caff into a fmall quantity of water in a glafs, and filtering the wa¬ 
ter, which was very turbid, I let it fall drop by drop on dilferent 
glalfes, made perfedfly clean. One of thefe glafies I placed on a 
burning coal, in order to evaporate the moiflure, for, at that time,, 
tlie atraofphere was very damp, and rainyx When this drop of wa^- 
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ter was evaporated, fuch a quantity of falts appeared, that I was 
allonilhed at the fight; for they lay heaped together, in like man¬ 
ner as, in a wood, the twigs and Imall branches are feen fpread on 
the ground. After they had remained thus for a fmall time, though 
•within an hour, they dillblved into moifture: I found the fame ef¬ 
fect to follow breathing on them. 

Now, what fhall we fay of this moll extraordinary and intimate 
union of thefe lalts with the root ^ For, it has been obferved, that 
though the glafs melted by the vehemence of the heat applied to it, 
the falts in tlie pieces of root, which lay on the glafs, were not ex¬ 
pelled; tliough afterwards, when furrounded by a llronger heat, 
they were feparated from the wood. 

When we find thefe things upon experiment, we cannot but rea- 
fon thus with ourfelves; How vvonderfiil is tlie make and texture of 
this root, and how powerfully may the fait which is thus clofely 
united to it, adf as a medicine on the human body ! For my part, if 
I may fpeak my opinion, it is, that the make of thefe falts is not to 
be altered by the power of fire. 

Again, upon confidering whether the charcoal, which 1 had ufed 
in the preceding experiment, might not poffibly have fome foulnefs or 
extraneous matter on it, which was imparted to the root whilfl burn¬ 
ing, I placed fome pieces of the Pareira Brava on a fiiver plate, and, 
when they feemed to be quite burnt to allies, and were glowing hot, 

I threw them into fome rain water, which had been boiled in a clean 
veilel well tinned, and only ufed to boil water for tlie makipig of tea 
or colFee. This water, after llraining it through lilteriiig paper, I 
]?laced in four feparate glafles, and fidiered it to remain there all 
nignt. rhe next day, the atmofphere being dry and clear, I examined 
them by four feveral microlcopes, and found, that the greatell part, I 

but not the whole, of the water was evaporated. The event of the 
experiment was, however, tiie fame as in the lah, namely, tliat an 
innumerable multitude of the falts before deferibed, were to be feen, 
and that more diltinc^Iy than before. 



On the formation of the cryJlalUne humour of the Eye, in various animals, 
birds, and ffies. 


Xhe cryftalline or tranfparent body or fubftance, (which is com¬ 
monly called the cryftalline humour) of the Eye, is, in con fi hence or 
hardnefs, almoft the fame as a preferved nutmeg. When I firft began 
to make my obfervations on it, I cut off) with a fharp razor, fome fmall 
pieces or dices, and found it to confid of a fort of fcaly particles, laid 
one on another, in a kind of circular form, taking their origin from 
the center, and all of them then feemed to me, to be compofed of 
crydalline globules. After I had left this crydalline fubdance, for 
the fpace of three days' to dry, it became fo hard, that it flew into 
pieces before the edge of the knife, after the manner of rofin. 
Upon again examining its nature and compodtion, 1 perceived, not 
only the fcaly formation, and in the circular diredfion I have mentioned, 
but I difcovered, that eacli of the fcales or coats was compofed of 
parts, lying in a circular podtion, and in regular order, in refpedf to 
each other. In other words, the formation of the crydalline hu¬ 
mour, may be compared to a fmall globe, or fpliere, made up of 
thin pieces of paper, laid one on another: this will ferve to give an 
idea of the fcales or coats above mentioned, and, fuppodng each 
paper to be compofed of particles or lines, placed fomewhat in the 
podtion of the meridian lines on a globe, extending from one pole 
to the other, this may explain the hature of the component parts of 
thole fcales or coats. 

After thefe drd obfervations, I employed myfelf, more narrowly 
to examine, tlie e 3 ’es of oxen and cows; for, I tliought, that I had 

F f 
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not then, invefiigated the formation of the oryflalline humour, fo 
accurately as 1 ouglu to have done. 

I, therefore, firit fat about examining tliat pellicle or thin mem¬ 
brane, wherein the cryftalline humour is inclofed, and by which it 
is, as it were, leparated from the other humours, compofmer the 
i'ubflance of the Eye. I was then, well allured, that I faw this 
membrane to be compofed of threads or filaments, though after¬ 
wards, notwithftanding the greateft attention that I could bellow, 
I could not dillinguifh luch filaments. 

In this examination, I fometimes, but not often, obferved, thatthe 
fmall fibres compofing the filamentary fubllance of the external coat, 
of the cryftalline humour, were united to the before mentioned mem¬ 
brane ; whence I concluded, that this membrane was efi'ential to the 
cryftalline humour, in order to fmooth any inequalities that there 
might be in the filaments of its external coat, and make its round 
furface perfefily even. 

I alfo confidered with myfelf, whether this membrane miglit 
iiot be lormed, for the purpofe, occafionally, by its compreftion, 
to alter the figure of the crydalline humour; that is, to make its 
rounding fbape flatter at times, as the purpofes of vifion might re¬ 
quire ; and, if fo, this part of the Eye which has hitherto been called 
the cryftalline humour, ought rather to be named, the cryftal¬ 
line mufcle of the Eye: and yet, I cannot affirm with certainty, 
that I have clearly feen this membrane to be compofed of filaments 
intermixed one among another, though, I am well affured that it can¬ 
not be formed in any other manner; for, I have always found every 
kind of thin membrane which I examined, to be of a filamentary or 
fibrousmake. With regardto this,now under confideration, Iperceived, 
wlien viewing it fideways, that it was compofed of a kind of ftreaks 
l^erfeaiy tranfparent, which I concluded to be, fome lymphatic 
vellels, deftined for the nourifhment of the cryftalline humour; but 
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when I followed with my eye, thefe flreaks, or lymphatic veflefs, to 
the part where they joined the cryilalline humour, they became fo 
(lender, that they vaniflied from my fight. 

Witli regard to the before mentioned fcales or coats, which compofe 
the cryhalline humour, I found them to be fo exceedingly thin, that, 
meafuring them by my e 3 ^e, I muft fay, there were more than two 
thoufand of them, lying one on another. For, wdien I had ftripped 
the cryilalline humour of the membrane in which it was inclofed, I 
found, that its axis or diameter wdiere it w^as thickell, (for it is not a 
perfedl globe, but fomewhat flattened) was equal to two third parts 
of an inch ; therefore, from the center to the circumference, is onq 
third of an inch ; and, as I have found by repeated experiments, that 
fix hundred hairs of a man’s head, are in breadth equal to an inch, 
two hundred of them conflitute the third of an inch. Now, I have 
feen, that wdiere ten of the before mentioned fcales or coats lay 
clofe, one on another, they were not, altogether, equal to the diame¬ 
ter of an hair ; therefore, if thefe ten be multi])lied by two hundred, 
it follows, as I have before mentioned, tb.at the cryflalline humour 
is, in its fubltance or thicknefs, compoled of more than two thoufand 
Icales or coats: and laflly I faw, that each of thefe coats or fcales 
was formed of filaments or threads, placed in regular order, lide by 
fide, each coat being of the thicknefs of one fuch filament. 

In order to explain to the reader, the nature of this formation of the 
cryilalline humour, that is, how it is compofed of fibres or filaments, 
I have, in the following figures, reprefented thofe filaments by lines 
drawn in a circle, as accurately as I was able; firft premifing, that in 
Plate VIII.yz^. 1 . ABC reprefents the cryilalline humour, in an ox’s 
eye, of its natural fize ; B, is the place in that part of the tunica 
cornea, or horny coat of the eye, through which the rays of light 
pafs. In the following figures, the natural dirnenfions are increafed,, 
in order that the filaments of which the fcales or coats are compofed, 
may be exhibited more dillindlly. 

F f 2 
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Ill Mute\:!J, ut/aj-. a, is reprefcnted tl;o i'urface of tlie cryfia;, 
line huinuur, i)i£lured at fig. i, but, v.-hicii is liere to be coiifidered, 
as if that figure dit! prefent a circular fhape to the eye. In this 
figiiie, are many lines to repreient the courle or dircttlioii of the 
Jllaments, but, it muil not be fuppofed to give a true reprefentation 
oi their numbers, the circumference of tlie cryfraijine humour of 
an ox’s eye, containing more than twelve thJiifand of fuch fila¬ 
ments. For, ten of thele filamenrs laid fide by fide are, (as before 
obierved) not equal to the diameter of an Iiair; and the whole axis or 
diameter of the cryballine humour being, as before noted, equal to 
four hundred hair’s breadth, it confifis of four thoiifand filaments in 
diameter. And, by the common rules of arithmetic, whereby we find 
the circumference of a circle, of a given diameter, it will be found, that 
the circumference of the cryftalline humour in an ox’s eye, confifis of 
^25714 filaments. 

Hence we may colledf, how exceflively thin thefe filaments are; 
and, we fhall be ftruck with admiration, in viewing the wonderful 
manner they take tlieir courfe, not, in a regular circle round the ball 
of the cryfialline liumour, as I firfi thought, but, by three different 
circuits, proceeding from the point L, w^hich point, I wall call their axis 
or center. They do not, on the other fide of the fphere, approach each 
other in a center like this at L, but return in a fhort or fudden turn 
01 bend, w here they are the fliortefi^ fo that, the filaments of w hicli 
each coat is compoled, have not in reality, any termination or end. 
To explain this more particularly, the fliorteft filaments MK, HN, 
and Ob, w'nich fill the fpace on the other fide of the fphere, confiitute 
a kind of axis or center, fimilar to this at L; fo that, the filaments 
MK, having gone their extent, and filled up the fpace on the other 
fide, in like manner as is here flmwn by the lines ELI, return back, 
and become tlie fhorteft filaments, HN. Thefe filaments HN, paf- 
fing on tlie otlier fide of the fphere, again form another axis or center, 
4 
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aiid return in the clireclion OF, and tlie filainents OF again, on tlie 
other iide of the fphere, collecl round a third center, and thence re¬ 
turn in the diredtion KM ; fo that, the filaments Vvh:c!i on tliis fide 
are tlie lhorte(l, on tlie ether fide are tlie longell, and thofe winch 
there are the iliorteil:, are here tlie longell. 

In order to e.diibit more clearly to tlie view, the nature and dif- 
pofition of thofe hlaments, conftitiiting each fcale or coat of the cry- 
flalline humour, I have given a figure of them, as feen fidcways, 
and which, in the plate, is exprelfed by lines ; but it mufe be obferv- 
ed, that in thefe f gurcs, the cryftalline huiTLCur is reprefented as if 
it were of a fpherical form, and, in the defeription I call it a fphere, 
as being more intelligible in the defeription, though in truth, it is not 
perfe6liv globular, as I have before noted. 

In Plate VIII. fig. 3, RT P S WO, is defigned to reprefent one of the 
coats of the cryflalline humour, allowing for the difrerence in lhape 
as before noted : P, and Q are axes or centers, one of which, P, in 
/g. 2, was (hewn at L ; the filaments coming, from the point P, (which 
mf g. 2 is L) proceed to V, where they are fliortefi:; from whence 
they return towards P, where again they are longeft, and, from 
P they proceed towards W, where they are again fnortefi. In 
like manner, the filaments at T, take their dire6lion towards Q, and 
from thence towards X, and from X again towards O : fo that, in 
this figure (allowing it to be confidered as an liemifphere) may be 
feen the one half of the courfe or circuit of the filaments. In a word, 
the filainents LI, in Jig. 2, are the fame as in this, are fhewn at P S ; 
and tlie filaments between L and M in j^g. 2, are here feen between 
P and X, and thofe between. L and O, in^^. 2, are here, between P 
and T ; fo that the filaments which in Jig. 2, are feen between FOI., 
IKE, and in j^g. 3, in RT PS do reprefent the felf fame filaments. 

I mufi; here farther obferve, that ihe filaments, of which the cry- 
ilalline humour, or rather fubflance, confifts, are thickell about R 
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cuul S, and, wlierc tlicy a])proach nearer, at P or O, they become thin^ 
ner or flenclerer. Finally, upon an .ciilive examination of the cry- 
llaliine humour, vre ihall be convincea, tiiat its tranfparency is not to 
be exceeded by any glafs, although it confiUs of fo many thouhind 
hlaments, which is moft wonderful; and the more, ‘ if we confider, 
how clolely the (ilaments muft be united, that they may admit the 
rays of light to pafs through tliem in flrait lines ; for otherwife, the 
cryftailine liumour would not be pellucid, but w'ould exhibit a white 
appearance. 

In order to exjtiain this formation of the cryflalline humour hill 
more plainly to fome curious gentlemen, I took a fmall tennis ball, 
and wound it clofe round about, with fome very fmall twine, confining 
the twine by pins ftuck in the ball, in the pofition or courfe which 
the filaments take ; I then fpread over the whole fome ffrong glue, 
and when it was dry, I took out the pins, and then the twine thus 
wound round the ball, gave a true reprefentation of the courfe of the 
f laments as before defcribed. 

I have mentioned in the beginning of this Efbiy, that the parts 
vhich I now plainly perceive are filaments, I then thought were 
compofed of globules, and this, in fome filaments, did then feenr to 
me very apparent; but, not having feen the fame appearance uni¬ 
formly in all, I now conclude, that the filaments being (as before 
mentioned) mod: clofely united, it might happen, that in the feparat- 
ing them, fome fragments or particles of one, might flick to another 
of them, and thefe I might miflake for globules. 

After this, I took the eyes of Iheep, hogs, dogs, cats, and other 
animals, and examined their cryflalline hum^.urs, in the fame manner 
as I had tieaied tlie eyes of oxen ; but, neither in the fcales or coats 
conflituting the cryflalline humours, nor in the difpofition of the 
filaments, of wnich each coat or Icale was compofed, did I perceive 
ilie Icaft difference. ]\'Joreover, I extradled the cryflalline humour. 



( 2.37 ) 

from the eyes of hares and rabbits ; tliefe alfo, I found to confi ft of 
fcalcs or coats, iiiclofed one in another, and each fcale or coat com- 
pofed of hlamcnts ; hmt, whereas tlie filaments compofing tlie cry- 
flalline luimoiir in the eyes of the feveral animals I have firh enu¬ 
merated, do arile from three centers, and thence are dilperfed three 
different ways round the circumference, the filaments in thefe two 
laft mentioned animals, take cnily a twofold courfe or diredhon. This 
is fliewn uifig. 4, ABCD, which reprefents tlie hemifphere, or one 
half of the cryftalline humour, in the eye of an hare or a rab¬ 
bit. Id, is the center near the pupil or fight of the eye ; thefe fila¬ 
ments, compofing the coats or fcales, pafling through, or near the 
central point E, take their courfe, fome towards F, and others to¬ 
wards G, fo that F and G, on the contrary fide, conftitute another 
central point. 

I alfo made a drawing, which is copied at fg. 5, of the fame ob- 
jedf, as it appeared wlien viewed fideways, in order more clearly to 
ihew the nature of thefe laft mentioned filaments, which, with a kind 
of fibrous fubftance, compofe each fcale or coat. I will fuppofe tlien, 
that the filaments, which in fig. 4, are reprefented between EF, aror 
the fame which in fig. 5, are pidlured at the letters lO ; fo that, the 
filaments proceeding from the point I, that is, in the former figure 
at E, here end their courfe at N and L, where they are the ihorteft, 
and thofe at O, take their courfe through or befide the point or cen¬ 
ter N, where they are the longeft, and then terminate, or rather, 
with a kind of flexure or bending, return as liere reprefented. In a 
word, thofe filaments, which, on this fide, appear nearefi: tlie center, 
would, on the farther fide be feen remoteft from it. 

In thefe experiments, I always endeavoured, to difeover the forma¬ 
tion of tliat part of the Eye which anatomifis call the vitreous or 
glafiy humour, and, which in great part, furrounds the cryftalline 
humour, becaufe I was well aflured, that this vitreous humour, was 
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3 iot a watciy fubftance, but rather a kind of pellucid mtifcle; but 
iiotwithHanding all my endeavours, I could not form any determi¬ 
nate or certain judgment on this head, becaufe the fubflance of this 
vitreous humour, always changed into a kind of watery matter. 

Moreover, I examined the eyes of fiihes ; thefe are perfedlly 
fpherical, and I found, that they confifted of the fame kind of thin 
coats or fcaies, laid one on another, as I have deferibed the eyes of 
animals to be formed ; each coat or fcale, was alfo compofed of 
lilaments, but, thefe hlaments have not that kind of bending courfe, as 
in animals; and, with all my endeavours, I could not difeover in 
what diredfion they were placed ; for, where the filaments draw 
towards a point or center, they are fo exceedingly flender, and cohere 
fo clofely, that they efcape the fight, and caufe fuch a confufion of 
objedfs, that I cannot be certain, whether they terminate in that center, 
or return back again from it. Fig. 6 , ABC D, reprefents the cryhal- 
line humour or fubflance in the eye of a cod-fifh ; and, though I 
drew the lines, here made to reprefentthe filaments, from the center 
or point A, to tlie center or point C, with only a pair of compafies, 
wider apart than in the other figures, yet tlie filaments which 
compofe thefe fcaies or coats, are not in fadl thicker, except in the 
middle at B and D, and the nearer they approach the point A or C 
the thinner they are. Fig. 7, fhews the natural fize of the cryfial- 
line humour in tins eye. 

I alfo examined the cryfialline humour in the e\es of birds, only 
to fee liow the filaments compofing their coats or fcaies, took their 
courfe ; aiid^ at length,after many obfervations, I found the filaments, 
in the eye of a turkey, to take the fame diredlion, as thofe in fifhes: 
but whereas the cryfialline humour in the eyes of fiflies is perfedlly 
round, that in the eyes of birds, is flattened, as atfg. 8, lying with its 
flat fide D, next the tunica cornea or horny coat of the eye. And, iip- 
:pn my cutting with a fliarp knife many pieces of the fcaies or coats 
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TOmpofing it, in order to reduce the fize fmaller, it altered its f gure 
to an oblong and flat fliape, as flrewn at fig. g, where E is the lame 
part whicli, in 8, was fliewn at D ; being the point wliere the 
hlaments are united, or, in other words, where they lo clofely ap¬ 
proach, and are fo exceedingly flender, as to become invifibie ; hence 
w^e may conclude, that the filaments which lie neareft to the central 
point, being very thin, do tliereby produce the oblong round fhape, 
and, where the cryftalline humour is larger, the filaments in the 
middle are thicker, and thus caufe the fliape to be flattened, w liich I 
myfelf have feen; for the filaments in the eye of a turkey, w'here 
tliey were thickeft, were, fingly, larger than thofe in the eye of an 
ox, hog, or flieep. 

1 have often, while looking in a mirror, taken notice of that liquid 
fubfiance or moifiure, with which the exterior membrane or coat of 
ihe eye is covered, and, in which liquid, there are always fome few 
very minute globules intermixed ; wdiich moifiure, and the globules 
in it, as often as we Ihut our eye-lids are thereby made to cliange 
their places : feeing this, I gathered the reafon, why it is neceflary 
for terrefirial animals to be furnifhed with eye-lids (for filhes, and 
other inhabitants of the waters do not need them) and, that if it w^ere 
not for the eye-lids, w^e fliould become blind ; becaufe if the eye-lids did 
not continually, when we clofe them, moifien the external membrane 
or coat of the eye, its furface would grow dry, and contradf in 
wrinkles, efpecially in ftrong funfhine, or when w^e approach a large 
fire. And I think it very probable, that there is continually, fome 
kind of humour or moifiure, protruded from the inner part of the 
eye through the tunica cornea, which, by the eye-lids, is fpread 
over the eye: for, in feveral eyes of hogs, Vvhofe bodies had been 
immerfed in hot water, to facilitate the fcraping off the hair, I almofi 
always faw a thin membrane, lying on the outer furface of the tunica. 
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cornea, v^^hich was fomewhat fcalded by the water, and therefore 
might eafily be taken off; and, upon compreffing the bail of the 
eye between my fingers, I faw in. many places, a thin w'atery matter 
iffiie from the tunica cornea, and appearing on its furface, like vapour 
or fteam, adhering to a glals, and, wffen the preffure was continued, the 
watery particles, which flood on the furface, in the form of mimite 
drops, were fo much enlarged, as to run into one another. And we 
need not v/onder at this appearance, when we confider, that the tu¬ 
nica cornea is compofed of nothing but particles, like flreaks or fibrous 
parts with their ramifications, and all of them very thin and flender. 

I at one time cut the tunica cornea of an ox's eye into llich 
thin flices, that the thicknefs of it was feven times divided, and, in 
each of thofe feven parts, I faw with great admiration (and more 
diflinclly than I had before done) the great multitudes of pellucid 

flreaks or fibres intermixed together, many of which I judged were 

a kind of blood veflbls, though fo fmall and flender, that they would 
not admit the globules of blood, which caufe its red colour, to pafs 
through them ; and I conclude that, when we rub our eyes, thofe 
veflels may, by the prefllire, be fo extended, as to admit the red glo¬ 
bules of blood, which, for a time, flagnating there, caufe the eyes to 
appear red, or, what is commonly called blood-fliot. 

But, to return to the eye-lids, it is my opinion, that they never 
can beconfidered as in a flate of refl, except when they are fliuf 
and hence it is, that we cannot keep them fleadily open, for any 
length of time, without applying fome external force; and, as it were, 
to give them refl, we frequently (and involuntarily) clofe them ; 
which involuntary motion in the eye-lids, does, I doubt not, by pref- 
fing on the orifice of fome minute lymphatic veflels, caufe them 
continually to emit fmall portions of the lymph, whereby the tunica 
cornea is continuaily kept moifl, as has been before obferved. And 
I have feen perfons, in a public audience, when very attentive, clofe 
t leir eyes, though fome did this more frequently than others. 



Myfelf, and thofe of my family, have often, when contemplating 
objefts by the microfcope, feen an appearance of fmall globules be¬ 
fore the fight, * which, I have no doubt, were particles illiiing from 
the veffels in the eye, and lying on its furface : thefe, with the 
ieaft motion of the eye, feemed to be in great agitation, and many 
would affirm, that they faw living creatures before their fight; but 
whoever gives this lubjetl an attentive confideration, will find, that 
thefe globules or breaks, though they feem, while the eye is 
kept bill, to be in motion, fometimes upwards and fometimes down¬ 
wards, yet they do not alter their pofition in refpedf of each other ; 
and perhaps at another time we btall fee none, or if any, of a very 
different kind. I believe, however, that this appearance is what has 
led fome people to fancy, that they beheld animalcules moving in 
water, even after it has been boiled, and to affirm, that thefe are the 
fame kind of animalcules which I profefs to have plainly feen: 
but we mub forgive fuch perfons their error, confidering they 
know no better. 

* The Tranflator can give a ftrong fimllar inftance, from his own painful experience; for, 
having met with an accident by which the furface of his eye was injured, the confequence was, 
for fome hours after the hurt, an appearance of minute, wonderfully bright globules. Teeming 
to whirl round the ball of the eye with a rapidity like lightning; and, for feveral following 
clays, many dark fpecks, in motion before the fight; but all, as Mr. Leeuwenhoek fays, pre- 
ferving the fame diftance in refpedl of each other : one of thefe in particular, appeared in fize, 
colour, and fhape, much like a cpmmon l?y, vyhich feemed to be running along the wainfcot of 
the room, or upon the table, 



ADDITION, BY THE TRANSLATOR. 


THE preceding Eflay is one of the moll curious, and the Tranf- 
lator conceives, that his Readers will deem it the moft interefting, of 
any in this Work; forafmuch as it refpedls the choiceft corporeal 
gift of God to his creatures, the Blefling of Sight: and, for the 
information of thofe, who are not acquainted with the particular Rruc- 
ture of that wonderful Organ, the Eye ; the following defcription of 
it is fubjoined, taken from Mr. Adams s Elfay on Vifion, a fmall 
Treatife, well worthy the perufal of every one. 

‘‘Of the Globe of the Eye. 

“ If the conftrudlion of the Univerfe were not fo evident a proof of 
“ the exiftence of a fupremely wife and benevolent Creator, as to 
“ render particular arguments unneceffary, the ftrudfure of the eye 
“ might be offered as one, by no means the leaft ; this inftance, 
among numberlefs others, demonllrating, that the heft perform- 
“ ances of art are infinitely fhort of thofe which are continually pro- 
“ duced by the Divine Mechanic. 

“ The globe of the eye, or the organ of fight, may he defined in 
“ general as a kind of cafe, confifling of feveral coats, containing 
“ three pellucid humours, which are lb adjufted, that the rays pro- 
“ ceeding from luminous obje6fs, and admitted at a hole in the fore 
“ part of the eye, are brought to a focus upon the back part of it, 
» where they fall upon a foft pulpy fubff ance, from whence the mind 
“ receives if s intelligence of vifible objeas. 

“ It is not to be expefted, that any account given of the eye can be 
“ altogether accurate ; for as it is fmpoffible to examine all the 
parts of the eye whild in a natural and living Rate, fo it is aifo 
« nearly impoffible, when it is taken out of its focket, to preferve 
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« the figure of the parts entire; a circumftance which accounts for 
^ the difagreement we find among anatomifts. 

“ Of the Coats of the Eye. 

“ The eye is compofed externally of three coats, or teguments, 
one covering the other, and forming a ball perfe6lly globular, ex*- 
cept at the fore part, which is a little more protuberant than the 
“ reft ; within this ball are three different fiibfiances called humours. 

“ The firft, or outer coat, is called the fclerotica ; the fecond, or 
“ middle one, is called the choroides ; the interior one is named the 
‘‘ retina. 

Sclerotica. Cotmea. 

« The exterior membrane, which inclofes and covers the whole eye, 
‘‘ is called the fclerotica and cornea ; it is, however, firiftly fpeak- 
‘‘ ing, but one and the fame membrane, with different names appro- 
priated to different parts : the hinder and opake part being more 
generally denominated the fclerotica, the fore and tranfparent part 
“ the cornea. 

“ The fclerotica is hard, elaftic, of a white colour, refembling a kind 
‘‘ of parchment; the hinder part is very thick and opake, but 
it grows gradually thinner as it advances towards the part where 
the white of the eye terminates. The fore part is thinner, and 
“ tranfparent; it is alfo more protuberant and convex than the reft 
“ of the eye, appearing like a fegment of a fmall fphere applied to 
“ a larger, and is called cornea, from its tranfparency. The cornea 
“ is thick, ftrong, and infenfible; its tranfparency is neceffary for 
“ the free admiflion of the light. This membrane is compofed of fe- 
‘‘ veral plates, laid one over the other, repleniflied with a clear 
“ water, and pellucid veffels; thefe plates are more evidently dil- 
“ tin< 5 l in tlie fore than the hinder part. The fclerotica is embraced 
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“ on its outride by fix mufcles, by which the eye may be moved in 
“ any dire6lion. 


‘‘ Choroides. Uvea. Iris. 

“ Under the fclerotica is a membrane, known by tlie name of the 
“ choroides ; it is a foft and tender coat, compofed of innumerable vefr 
“ fels ; it is concentric to the fclerotica, and adheres clofely to it by a 
“ cellular fub(lance, and many velTels. This membrane is outwardly 
‘‘ of a brown colour, but inwardly of a more rulTet brown, almoll 
“ black. Like the fclerotica, it is diftinguiflied by two different names, 
the fore part being called the uvea, while the hinder part retains 
‘‘ the name of the choroides. 

“ The fore part commences at the place where the cornea begins ; 
“ it here attaches itfelf more (Irongly to the fclerotica by a cellular 
“ liibftance forming a kind of white narrow circular rim : the cho- 
“ roides feparates at this place from the fclerotica, changes its 
diredlion, turning, or rather folding, diredlly inwards, towards the 
“ axis of the eye, cutting the eye as it were tranfverfely : in themid- 
die of this part is a round hole, called the pupil, or fight of the eye : 
“ the pupil is notexadlly in the middle of the iris, that is to fay, the 
“ centers of the pupil and iris do not coincide, the former being a lit- 
tie nearer the nofe than the latter. 

This part, when it has changed its dire6lion, is no longer called 
“ the choroides; but the anterior furface, which is of different co- 
‘‘ lours, in different fubjedls, is called the iris ; the poherior furface 
“ is called the uvea, from the black colour with which it is painted. 

The iris has a fmooth velvet-like appearance, and feems to confift of 
“ fmall filaments regularly difpofed, and diredled towards the center 
“ of the pupil. 

“ The eye is denominated blue, black, &c. according to the colour 
of the iris. The more general colours are the hazel and the blue. 



( 245 ) 

and very often both thefe colours are found in the fame eye. It Iras 
been obferved, that in general, thofe, whofe hair and complexion 
are light coloured, have the iris blue or grey ; and on the contrary, 
‘‘ thofe wliofe hair and complexion are dark, have the iris of a deep 
“ brown: whether this occafions any difference in the fenfe of vifion, 
‘‘ is not difcoverable. Thofe eyes which are called black, when nar- 
rowly infpedfed, are only of a dark hazel colour, appearing black, 
becaufe they are contrafted with the white of the eye. The black 
and the blue are the mofi; beautiful colours, and give moft fire and 
vivacity of expreffion to the eye. In black eyes there is more 
‘‘ force and impetuofity ; but the blue excel in fweetnefs and delicacy. 

The pupil of the eye has no determinate fize, being greater or 
“ I'maller, according to the quantity of light that falls upon the eye. 

When the light is flrong, or the vifual objedf too luminous, we con- 
‘‘ tra6l the pupil, in order to intercept a part of the light, which 
‘‘ would otherwife hurt or dazzle our eyes ; but when the light is weak, 
we enlarge the pupil, that a greater quantity may enter the eye, 
“ and thus make a ftronger impreffion upon it. This aperture dilates 
alfo for viewing diftant objedfs, and becomes narrower for fuch as 
“ are near. The contradfion of the pupil is a flate of violence, 
effedted by an exertion of the wall: the dilatation is a remiffion of 
power, or rather an intermiffion of volition. The latitude of con- 
“ tradlion and dilatation of the pupil is very confiderable ; and it is 
“ very admirable, that while the pupil changes its magnitude, it pre- 
“ ferves its figure, 

“ Anatomifts are not agreed, whether the iris be compofed of two 
“ fets of fibres, the orbicular and radial, or of either. Haller fays, 
‘‘ he could never difcover the orbicular fibres, even with a microfcope; 
“ the radial feem vifible to the naked eye, and are fufficient to an- 
“ Iwer all the purpofes required in the motion of the iris : when the 
“ pupil is contradled the radial fibres are llrait, when it is dilated, 
“ they are drawn into ferpentine folds. 
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“ Ill children this aperture is more dilated than in grown perfons; 
in elderly people it is ftill fmaller than in adults, and has but little 
motion; hence it is, that thofe who begin to want fpeddacles, are 
obliged to hold the candle between the eye and the paper they 
“ read, that the ftrong light of the candle may force their rigid 
pupils into fuch a ftate of contra6lion, as will enable them to fee 
“ diftindlly. Thofe who are fliort-fighted, have the pupils of their 
“eyes, in general, very large; whereas in thofe whole eyes are 
“ perfedl, or long-fighted, they are much fmaller. 

“ The whole of the choroides is opake, by which means no light 
“ is allowed to enter into the eye, but what })aires through the pupiL 
“ To render this opacity more perfebl, and the chamber of the eye 
“ hill darker, the pofterior furface of this membrane is covered all 
“ over with a black mucus, called the pigmentum nigrum. This pig- 
“ ment is thinneft upon the concave fide of the choroides, near the 
retina, and on the fore fide of the iris; but is thickell on the ex- 
“ terior fide of the choroides, and the inner fide of the uvea. 

“ The circular edge of the choroides, at that part where it folds in- 
“ wards to form the uvea, feems to be of a different fubftance from 
“ the reft of the membrane, being much harder, more denfe, and 
of a white colour; it has been called by fome writers the ciliary 
“ circle, becaufe the ligamentum ciliare (of which we lhall foon 
fpeak) arifes from it. 

“ Retina. 

The third and laft membrane of the eye is called the retina, be- 
“ caufe it is fpread like a net over the bottom of the eye ; others de~ 
rive the name from the refemblance of the net which the gladia- 
tors called retiarii, employed to entangle their antagonifts. It is 
“ the thinneft and leaft folk! of the three coats, a fine expanfion of 
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the medullary part of tlie optic nerve. The convex ikle of it 
‘‘ lines the choroides, the concave fide covers the furface of the vi- 
treous humour, terminating where the choroides folds inwards. 
It is an eflential organ of vifion ; on it tlie images of objeds are 
“ reprefeiited, and their picfure formed. This membrane appears to 
‘‘ be black in infants, not fo black at the age of twenty, of a greyifli 
colour about the thirtieth year, and in very old age alinoll wdiite. 
The retina, however, is ahvays tranfparent and colourlefs : any ap- 
“ parent changes therefore, of its colour, muft depend upon altera- 
tions of the pigmentum which is feen through it. 

‘'Optic Nerve. 

Behind all the coats is fituated the optic nerve, which paffes out of 
the fcull, through a fmall hole in the bottom of the orbit which 
“ contains the eye. It enters the orbit a little infledfed, of a figure 
“ fomewhat round, but comprefTed, and is inferted into the globe 
of the eye, not in the middle, but a little higher, and nearer to 
the nofe; an artery runs through the optic nerve, goes flrait 
through the vitreous humour, and fpreads itfelf on the membrane 
that covers the back fide of the cryllalline. 

Monf. Mariotte has demonflrated, that our eyes are infenfible 
at the place where the optic nerve enters : if, therefore, this nerve 
had been fituated in the axis of the eye itfelf, then the mid- 
“ die part of every objedf would have been invifible, and where all 
“ things contribute to make us fee beft, we fhould not have feen at 
“ all; but it is wifely placed by the divine artifi; for this and 
" other advantageous purpofes, not in the middle, but, as we have 
“ already obferved, a little higher and nearer to the nofe. 

‘‘ Of the Humours of the Eye. 

The coats of the eye, which invell and fupport each other, after 
H h 
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the manner of an onion, or other bulbous root, include its humours, 
‘‘ by which name are unclcrftood three fubhances, the one a folid, the 
“ other a loft body, and the third truly a liquor. Thefe fubftances 
“ are ol fiich forms and tranfparency, as not only to tranfmit rea- 
diiy the rays of light, but alfo to give them the pofition bell 
adapted for the pur poles of vifion. They are clear like water, and 
do not tinge the obje6l with any particular colour. 

Aqueous Humour. 

The moft fluid of the three humours is called the aqueous one ; 
“ filling the great interftice between the cornea and the pupil, and 
alfo the fmail fpace extending from the uvea to the cryftalline lens; 
“ it is thin and clear like water, though fomewhat more fpiritous and 
“ vifcuous ; its quantity is fo confiderable, that it fwells out the fore 
“ part of the eye into a protuberance very favourable to vifion. The 
“ uvea fwims in this fluid. It covers the fore part of the cryflalline; 
that part of this humour which lies before the uvea, communicates 
with that which is behind, by the hole which forms the pupil of 
“ the eye. It is included in a membrane, fo tender, that it cannot 
be made vifible, nor preferved, w ithout the moft concentrated lixi- 
‘‘ vial fluid. 

It has not been clearly afcertained wTence this humour is derived ; 
but its fource mult be plentiful: for it the coat containing it be fo 
^ wounded, that all the h. mour runs out, and the eye be kept doled 
“ for a feafon, the wound will heal, and the fluid be recruited. 

The colour and confiflence of this humour alters with age ; it 
‘‘becomes thicker, cloudy, and lefs tranfparent, as we advance in 
“ years, which is one reafon, among others, wTy many elderly peo- 
“ pie do not reap all that benelit from fpedacles \vhich they migh 
naturally expe 61 
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‘‘ Cryftalline. 

The fecond humour of the eye is the cryhallinc, which is as' 
‘‘ tranfparent as the pureil cryhal; and though lefs in quantity than 
the aqueous humour, yet it is of equal weight, being of a more 
“ denfe and folid nature; in conhflency it is fomewhat like a hard 
“ jelly, growing fofter from the middle outwards. Its form is that 
“ of a double convex lens, of unequal convexities, the molt convex 
‘‘ part being received into an equal concavity in the vitreous humour. 

“ The cryftalline is contained in a kind of cafe, or capfule, the 
“ fore part of which is very thick and elaftic, the hinder part is thin- 
ner and Ibfter. This capfule is fufpended in its place by a muf- 
cle called ligamentum ciliare, which, together with the cryftalline, 
“ divides the globe of the eye into two unequal portions ; the firft 
and fmaller one contains the aqueous humour, the hinder and 
‘‘ larger part the vitreous humour. The cryftalline has no vifible 
communication with its capfule, for as foon as this is opened the 
“ humour within flips clean out. 

“ The cryftalline is placed fo, that its axis correfponds with that of 
the pupil, and confequently it is not exadfly in a vertical plane di- 
‘‘ viding the eye into two equal parts ; but fomewhat nearer the nofe. 
It is formed of concentric plates or fcales, fucceeding each other, and 
thefe fcales are formed of fibres elegantly figured, and wound up 
in a ftiipendous manner ; thefe are connedfed by cellular fibres, 
“ fo as to form a tender cellular texture. Between thele fcales is a 
“ pellucid liquor, which in old age becomes of a yellow colour. The 
innerraoft fcales lie clofer together, and form at laft a fort of nu- 
cleus, harder than the reft of the lens. The cryftalline has no vi- 
“ fible communication with its capfule, fo that when this is opened, 
“ it readily flips out: fome fay, that a fmall quantity of water is 
effufed round it. Leeuwenhoek has computed that there are 
‘‘ two thoufand laminae, or fcales, in one cryftalline, and that eacli 

Hh 2 
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“ of thefe is made up of a fingle fibre, or fine thread, running this 
“ way and that, in feveral courfes, and meeting in as many centers, 
“ and yet not interfering with, or crofiing, each other. 

“ The yellow colour wherewith the cryflalline is more and more 
tinged as we advance in years, muft make all objects appear more 
and more tinged with that colour : nor does our being infenfible of 
any change in the colour of objedls, prove to us that their colour 
continues the fame ; for in order that we fliould be fenfible of this 
change, the tindfure mull not only be confiderable, but it mufl hap- 
“ pen on a fudden. In the cataradt it is opake ; the feat of this dif- 
“ order is in the cryflalline lens. 

“ Vitreous Humour. 

« The vitreous is the third humour of the eye; it receives its name 
from its appearance, which is like that of melted glafs. It is nei- 
“ ther fo hard as the cryflalline, nor fo liquid as the aqueous humour; 
it fills the greatefl part of the eye, extending from the infertion of 
the optic nerve to the cryflalline humour. It fupports the retina, 
and keeps it at a proper diflance for receiving and forming dif- 
tindl images of objedls. 

“ The vitreous humour is contained in a very thin pellucid membrane, 
and concave at its fore part, to receive the cryflalline ; at this 
place its membrane divides into two, the one covering the cavity 
in which the cryflalline lies, the other pa fling above, and covering 
the fore part of the cryflalline, thus forming a kind of flieath for 
“ the cryflalline. The fabric of the vitreous humour is cellular, 
“ the fubflance of it being divided by a very fine tranfparent mem- 
“ brane into cellules, or little membraneous compartments, con- 
taining a very tranfparent liquor. 

IJgamentum Ciliare. 

There is ftill one part to be defcribed, whicli, though very 
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delicate and fmall, is of great importance ; it is called the liga- 
mentum ciliare, becaufe it is compofed of fmall filaments, or fibres, 
not unlike the cilia, or eyelaflies; thefe fibres arife from the 
infide of the choroides, all round the circular edge, where it joins 
the uvea; from whence they run upon the fore part of the vitreous 
humour, at that place where it divides to cover the cryftalline; 
thofe fibres are at fome diftance from one another, but the inter- 
‘‘ ftices are filled up with a dark-coloured mucus, giving it the ap- 
‘‘ pearance of a black membrane. 

“ O/* the Figure reprefentmg the Eye. 

« Figure lo, reprefents a fedfion of the eye through the middle, 
‘‘ by an horizontal plane pafTing througli both eyes ; the diameter of 
“ the figure is about twice the diameter of the human eye. 

The outermofi: coat, which is called fclerotica, is reprefented by 
the fpace between the two exterior circles B F B ; the more glo- 
bular part, adjoining to the fclerotica at the points BB reprefented 
by the fpace between the two circles at B A B, is the cornea. 

“ The next coat under the fclerotica is a membrane of lefs firm- 
nefs, reprefented by the two innermofi circles of B F B, and called 
the choroides. 

Adjoining to the choroides, at BB, is a flat membrane, called 
the uvea: a a is the pupil, being a fmall hole in the uvea, a little 
‘‘ nearer the nofe than the middle. 

V the optic nerve ; tlie fibres of this nerve, after their entrance 
‘‘ into the eye, fpread themfelves over the choroides, forming a thin 
“ membrane, called the retina, and is reprefented in the figure by 
‘‘ the thick lhade contiguous to the circle B F B. 

E E is the cryjialline humour ; it is fufpended by a mufcle B b b B, 
called the ligmnentum ciliare. This mulcle arifes behind the uvea 
-^fatBB, wherg the fclerotica and cornea join together at bb, it 
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enters the eapfiila, and thence fpreads over a great part of its 
anterior furface. 

The aqueous humour occupies the fpace B A Bb Cb. 

The larger fpace Bb Db BF contains the viireous humour. 

“ The foregoing defcription, we prefume, will be found fufficient 
“ to give the reader a general idea of the confl:rii61:ion of this won- 
derful organ : for a fuller account we mufl refer him to the writers 
on anatomy. Enough has been exhibited to Ihew with what art 
and wifdom the eye has been conhrudled.^' 

The following is a quotation by Mr. Adams, from Reid's Inquiry 
into the Human Mind : 

“ If we fhould fuppofe an order of beings endued with every hU“ 
“ man faculty but that of fight, how incredible would it appear to 
“ fiich beings, accuhomed only to the flow information of touch, that 
by the addition of an organ, confiding of a ball and focket of an 
inch diameter, they might be enabled, in an inftant of time, without 
changing their place, to perceive the difpofition of a whole army, 
the order of a battle, the figure of a magnificent palace, or all 
“ the variety of a beautiful landfcape ? If a man were, by feeling, to 
“ find out the figure of the Peak of TenerifFe, or even of St. Peter's 
“ church at Rome, it would be the work of a life-time. 

It would appear ftill more incredible to I'uch beings as we have 
“ fuppol'ed, if they were informed of the difcoveries which may be 
made by this little organ, in things far beyond the reach of any 
“ other fenfe. That, by means of it, we can find our way on the 
“ pathlel’s ocean, traverfe the globe of the earth, determine its fize 
‘‘ and figure, meafure the planetary orbs, and make difcoveries in 
^ the fphere of the fixed flars. 

‘‘ Would it not appear ftill more aftonilhing to thefe beings, if 
“ they ftiould be further informed, that by means of this organ we 
“ can perceive the tempers and difpofitions, the affections and paf- 
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fions, of our fellow-creatures, even when they want mofl to 
conceal them ? that by this organ we can olten j)erceive what is 
“ ftrait and crooked, in the mind as well as the body : that it par- 
ticipates of every mental emotion, the foftell and moft tender, as 
‘‘ well as the moft violent and tumultuous : that it exhibits thele 
emotions with force, and infules into the foul of the fpedfator the 
“ fire and the agitation of that mind in which they originate ? To 
“ many myfterious things muft a blind man give credit, if he will 
“ believe the relations of thole that fee ! his faith muft exceed that 
“ which the poor fceptic derides as impoflible, or condemns as 
abfurd. 

It is not, therefore, without reafon, that the faculty of feeing is 
‘‘ looked upon as more noble than the other fenfes, as having fome- 
“ thing in it fuperior to fenfation, as the fenfe of the underftanding, 
the language of intelligence. Tlie evidence of reafon is called 
“ feeing, not feeling, fmelling, tailing,; nay, w^e exprefs the man- 
“ ner of the divine knowledge by feeing, as that kind of knowledge 
‘‘ which is moft perfedl in ourfelves/' 

It is too true, that we do not, in general, know the real value of 
any blefting, until we are deprived of it; therefore, let us hear, 
how the lofs of fight is pathetically defcribed by Milton, from his 
own feeling : In his addrefs to the Light he fays, 

I feel thy fovran vital lamp; but thou 
Revifit’ft not thefe eyes, that roll in vain 
‘‘To find thy piercing ray, and find no dawn ; 

“ So thick a *drop ferene hath quench'd their orbs 
“ Or dim fuifufion veil'd.- 

This is a literal tranflation of the Latin words gutta ferena, a difeafe, bj," which the pa¬ 
tient is deprived of fight, though to afpeiffator, the eye does not appear to be injured j becaufe 
ihe feat of the diforder is in the optic nerve, and not in the ball of the eye. This was Milton's 
cafe. 
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-« Thus with the year 

Scafons return, but not to me returns 
Day, or the fweet approach of ev'n or morn» 

‘‘ Or fight of vernal bloom, or fummer s rofe, 

“ Or flocks, or herds, or human face divine ; 

But cloud inftead, and ever-during dark 
“ Surrounds me, from the cheerful ways of men 
Cut off, and for the book of knowledge fair 
Prefented with a univerfal blank 
Of Nature's works to me expung'd and ras’d. 

And wifdom at one entrance quite fliut out. 

-The Tranflator concludes this fubjedt in the words of the fame 
great Poet, as conveying a fentiment, which a wife man muft deem 
the moft effedtual, if not the only real confolation under fuch an 
tifflidtion, 

“ So much the rather thou, celeftial Light, 

“ Shine inward, and the mind through all her powers 
Irradiate, there plant eyes, all miff from thence 
Purge and difperfe, that I may fee and tell 
"Of things invifible to mortal fight." 

Milton’s Paradife Lofty Book IIL 
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On the internal formation of an Oxs Tongue; and on that of the Heart, 
in Animals, Fowls, and FifJj. 


CERTAIN profefTional gentleman of my acquaintance, was 
urgent with me to examine the formation of a cat’s tongue, but 
this I deferred from time to time, wifiling rather, to inveftigate the 
nature of the human tongue, which I thought would be much more 
worthy of examination ; by reafon, that it mufi; neceflarily be pro-* 
vided with more mufcles than tlie tongues of animals : for, this 
will appear manifeft, if we confider how many various motions our 
tongues muft exert in fpeaking, finging, or whirling. 

Not finding an opportunity to procure an human tongue, or that 
of a cat, I began by examining the tongues of oxen, cutting from 
them fmall pieces, both longitudinally and tranfverfely: and, though 
I thought that a complete defcription of the whole tongue would 
take up too much time and labour, I determined to give a drawing 
of the fmall mufcles, and point out how they are difpofed longitu¬ 
dinally and tranfverfely ; for, in an ox’s tongue, the number of them 
is incredible, and in this defcription will be leen, not only the won¬ 
derful formation and multitude of thefe minute mufcles, but alfo, 
we lhall be fully fatished with regard to the manner in which the 
tongue is fometimes extended and fometimes contradfed, both in 
breadth and thicknefs. 

In Plate VIIL/^. ii, AB CDEFGHIKLM, reprefents a fmall 
piece of an ox’s tongue, cut off from the fide, in that part where tlie 
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tongue was thickeft. In this frnall piece are to be feen various mi¬ 
nute mufcles, cut tranfverlely, which are reprefented between 
BCKL, and DEHI; and among thefe, again, there appear 
many exceedingly minute particles, alfo cut tranfverfely, which 
by reafon of their fmallnefs, could by no means be reprefented in 
the drawing, but each of them may, in fad, be confidered as a 
mufcle, for if, by the microfcope, we were to diflf'ea the before men¬ 
tioned minute mufcles, we fhould find them compofed of fmaller parts, 
like a large mufcle, when diflefled and viewed by the naked eye. 

Thele flefhy mufcles, thus cut tranfverfely, conffitute the fub- 
fiance or thicknefs of the tongue ; and the mufcles pidlured at the 
three places in this figure, AB L M, C DI K, and EFG H, which 
are fhewn lengthwife, e.xtend along the tongue from end to end. 
And, as between the letters B;C KL and DEHI, is fliewn how the 
flelhy mufcles appear, when cut tranfverfely, fo at ABLM, CDIK 
and E FGH znay be feen their figure when cut longitudinally. 

All thefe flefhy mufcles, taken together, are not larger, when 
viewed by the naked eye, than the fmall piece or particle fliewn at 

fiS- 12 . 

I alfo judged it right, to take off one of thefe flefhy mufcles, length- 
wife, and to caufe a drawing to be made of it, to exhibit to the eye 
its true formation, and alfo, as nearly as poffible, to fliew thereby, 
how, in the motion of the tongue, thefe mufcles are exerted, and 
how they change their figure. 

Fz^i 3, NOPQ, reprefents this flefliy mufcle, which I took OS' 
lengthwife, preferving the whole of its thicknefs, fo that none of its 
conftituent parts were broken off, except at the extremities N O and 
PQ ; in which mufcle feveral bendings are to be feen. 

Now, fuppofing this mufcle, placed lengthwife in the tongue, to 
be contradfed in bendings, we muff conclude, that the tongue then 
becomes fhorter and thicker, and the mufcles which lie acrofs it, are 
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then perfe6lly ftraight; and, that when the animal extends its 
tongue, this fiefhy miifcle, 13, NOPQ, and all tlie others which 
lie lengthwil'e in the tongue, are extended and become ftraight, and 
thofe miifcles which lie acrofs the tongue are then infiec^led or bent 
in like manner as reprefented in the former mufcle at fig. 13, NOPQ. 

When this mufcle had flood three months before the microfcope, 
it became covered with a fort of mouldinefs,* which, bearing a re- 
femblance to fmall flowers, I diredled the limner to imitate them 
as nearly as poflible in his drawing, and they are to be feen at 
RRRRRRR. 

The flefliy mufcles, which in fg. 11, appear cut tranfverfely, 
are, in the part lying between B C K L, four diflin6l and feparate muf¬ 
cles, and, in the fpace between DEHI, fix of the fame kind, all of 
them diftin< 5 l from each other. The parts, or fpaces between them 
in the figure, are no other than membranes, and particles of fat, 
lying witliin thofe membranes. For, Ineverfaw in fuch a mufcle as 
is exhibited in fig. 13, NOPQ, any vein, nor any detached particle 
of fat, but every one of thefe kind of mufcles, as far as I have hither¬ 
to obferved, is always enveloped in a membrane, and, if the ox is 
a very fat one, particles of fat will be leen in the membrane. 

It fliould be remembered, that every one of thefe mufcles 
mull have its tendon, or terminate in a membrane which conftitutes 
a tendon, and not only fo, but every oblong flefliy particle, of which 
each fuch mufcle confifts, and which appear in fig. 13, NOPQ, mufl: 
alfo be provided with a tendon, or terminate in a membrane as be¬ 
fore mentioned, and all thefe tendons and membranes (in my judg¬ 
ment) do, together, conftitute that part which many take only for 
an inner Ikin, which inner fkin, or rather mufcular part, covering the 
tongue all over, is defended, as it were, by a thick external Ikin: 


* The fame appearance is noted by the author, when treating of the young plant in the 
Coffee-bean. 
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this latter fldn is eafily taken off when a tongue has been bailed, or 
has Iain foine time in hot water. 

This dirpofition of the mufcles in the tongue is wonderful, and the 
manner of their acting inconceivable by us, and hill more, with re¬ 
gard to the human tongue, when we confider the variety of ways in 
which the mufcles mufi; move and turn, to produce the effe6l of 
fpeaking, finging, and whittling, as before obferved. 

The exertions of the flefliy mufcles in the tongue, are chiefly pro¬ 
duced by their atTuming a flraight figure, or by being inflected or 
bent, contrary to the manner of the flefhy mufcles in other parts of 
the body, (as far as has come to my knowledge) for their contrac¬ 
tion and extenfion, is produced by means of the multitudes of excef- 
fively minute wrinkles or crimped up particles, of which each mufcle 
confitts. 

After this, I curforily examined the tongue of an hog, to fee, whe¬ 
ther in it, the flelhy mufcles were intermixed or laid one acrofs an¬ 
other, in the fame manner as I have defcribed in the tongue of an 
ox: this I firfi; infpecled in the thickefi: part of the tongue, on tlie 
upper fide, where it rifes in a ridge like a back ; and, I faw not only, 
that the mufcles were difpofed in the fame manner as the ox’s, but 
that lome few of thofe which lay the lengthwny of the tongue, in fome 
places crofied each other ; the tranfverfe mufcles were the fame as 
in the ox’s. Searching farther inward into the thickeft part, I there 
faw many flefliy mulbles lying parallel to each other, lengthways in 
the tongue; but no others lying atlwart or crolfing them. I alfo 
beftowed fome inveftigation on the thinner parts of this tongue, with¬ 
out finding any thing worthy of note. 


I have often employed my thoughts, on the formation of the flefhy 
part in the hearts of animals ; not particularly to invefiigate the courfe 
of the flefliy mufcles, which I doubt not, has been fufficiently ex- 
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amined and explained by others. And, though I determined, if I Ihould 
obferve any thing particular in that part of the fubjedt, to commit my 
remarks to writing, yet, my principal objedl was, to invehigate the 
formation of the very fmallelf fieiliy mefcles, and to examine whe¬ 
ther any thing might be found therein worthy of note. 

For this purpofe, I took the heart of a flieep, but, with all my 
pains, I could not fucceed in leparating or taking off any flefiiy 
nuifcle like that defcribed at fig. 13, NOPQ, for, in the operation, 
it was fo torn, and, fo many of the adjoining parts adhered to it, 
that I could not then fatisfy myfelf as to the true formation of Inch 
mufcle ; nor with regard to the union or connection between it and 
the adjoining parts. 

After this, I tried the heart of an ox, cutting off many pieces, and 
contriving every poffible means I could deviie, to feparate a Imall 
drip or oblong particle from the adjoining parts, but all to no pur¬ 
pofe ; and, at length, I found, that thefe flefhy particles were fo 
linked together, that it would be impoffible to fever them without 
breaking. 

This concatenation, or linking together of the flefliy parts, (wliich 
parts, in treating of the tongue, I have called minute flelhy miifcles) 
in the fubftance of the heart, is of fuch a nature, that, at fir ft, I 
defpaired of being able to reprefent it to the eye by any figure or 
drawing; but at length, I fo far fucceeded, as to exhibit a reprefen- 
tation thereof to the reader. 

In thefe experiments, I tried the lieart of a duck, in order to fee 
whether its formation, and particularly this union of the parts, agreed 
with that of an ox ; and I found, that the fieihy parts in the duck's 
heart, were linked together in the fame manner as in tliat of tlie ox ; 
and not only fo, but that I could better give a reprefentation of fucli 
concatenation or linking, from the heart of the duck, tlian from any 
of the other fubjedls I had examined ; and thereupon, I delivered to 
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the Limner a microfcope, before which was placed an exceeding 
I'mall piece of the flefliy part of a duck’s heart, diredling him to 
make as accurate a drawing as poflible, of theobjedf which prefented 
itfelf to him. 

14, ABC DEFGHIKLM, reprefents this minute particle 
magnified, in which may plainly be feen, not only how every 
fingle flefhy particle is united or linked to the adjoining one, but 
alfo, how all the flefhy particles, fhewn in this figure, are con- 
nedfed, chained or linked together. 

As to the vacant fpaces appearing in this figure, two of wLich 
may be feen at BCD, and HNI, we muft not fuppofe, that the 
flefhy parts are fo far afunder as the drawing reprefents, for I am 
fully perfuaded, that, when the heart is in its natural ftate, all the 
flefhy particles of which it confifts, are fo clofe to each other, that 
nothing but an exceeding thin membrane intervenes, wdthin which 
membrane the blood-veflels take their courfe ; and there alfo, may 
fbmetimes be feen particles of fat, efpecially where the blood veflels 
are larger than ordinary. 

Farther, I always obferved, not only in the hearts of an ox and 
fheep, but alfo in that of a duck, all the flefliy particles, which, 
when defcribing them in fg. 13, I have called mufcles, but which 
I cannot here call by that ziame, becaufe they are not enveloped by 
membranes peculiar to themfelves ; thefe particles, I fay, which 
are exhibited at LM or AB, I found, again to confifl of 
great numbers of flender oblong particles, which often feparated 
from each other, and at little diftances united with other particles : 
but thefe Imaller particles are not reprefented in the figure, becaufe 
they had become fo dried, as not to be vifible to the Engraver. 

We may now figure to. ourfelves, that the particle of flefh, which 
exhibits at A B, again confifts of an hundred and more oblong 
particles, and, that a little above A B, they are divided into four 
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parts, and thefe parts, again united with other fiefhy particles. 
But how often this reparation and reunion of parts take place, and 
what coiirfe the particles themfelves take, 1 have not yet been able 
to difcover. 

Each of thefe feveral flefliy parts, of which only two are exhi¬ 
bited in14, at BCD, and HNI, were covered with broken and 
torn fragments of other parts, but thefe I directed the Limner not 
to delineate, that the concatenation, or the manner in which the par¬ 
ticles are linked together, might be better diftinguilhed. 

After I had caufed the before mentioned drawing, fig. 14, to be 
made, I again examined various flelhy particles in the heart of a duck, 
and, while I was thus employed, I met with one fmall piece, in 
which I was convinced, that the concatenation or linking together of 
the parts, would be ftill more diftinblly feen. This, being placed 
before a microfcope of fomewhat lefs magnifying power, I delivered 
to the Limner to make a drawing of. 

Fig. 15, ABCDEFG H, is this piece of a duck's heart, in which, 
more plainly than before, can be feen the nature of its formation, 
which will appear ftill more wonderful, if we confider, as the truth 
is, that the connebfion or linking together of the parts, in the particle 
which this/g. 15, reprefents, was, in the fubje6l itfelf, thrice as much 
as here exprefied; for, I could not feparate a piece of this ftze from 
the heart, without tearing afunder twice as many parts or points of 
union as are here exhibited. This particle was taken from almoft the 
outfide of the heart, and, that part which in the figure is marked 
ABCD, was fituated pointing towards the fmall end or tip of it. 

In order to ftiew the true dimenfions of the particle reprefented, 
in this laft figure, I meafured it, and found, that the whole length Ihewn 
in the figure, between the letters EFG H, was, in its natural fize, not 
more than two third parts of the breadth or thicknefs of that part 
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which, in the figure, appears between the letters G and H, or, the 
fize pielured at X. 

Seeing now, that this fiefliy particle, though not in fac^l, larger 
than the fpace between G and H, or at X, does yet confift of more 
tlian an hundred dill;in6l oblong particles, as I can affirm from the 
jnofi exa6l computation of my own view, and, that this is not 
only tlie cafe, in the heart of a duck, but alfo in that of an ox ; and 
moreover, that each of thofe flender, ob'ong, component particles, 
again confifis of a great number of exceflively minute particles, we 
fliall more and more be ftruck with wonder, at this formation of the 
lieart. And who can tell, into how many fmall particles, entirely 
undifcoverable by us, thefe laft named particles may be again divided ? 

We find, that in the common mufclcs of the body, thofe fmall 
mufcLilar parts, which conftitute a large mufcle, may be feparated 
from the larger one, often without tearing the oblong flefliy 
parts which compofe it, nothing being broken, except the thin mem¬ 
brane with which the fmall mufcular parts are, as.it were, enveloped: 
lor, all thole flender, oblong, flefhy parts, lie difpofed in regular pa¬ 
rallel order, befide each other; and, at their extremities, are united 
to a membrane which furrounds the mufcle, or, rather, forms the 
tendon of that mufcie, which in fa6l the membrane does : hence we 
may eafily comprehend, that, when any part of a common mufcle is 
wounded, the part which remains uninjured, may fiill, in fome de¬ 
gree, perform its fun^lions ; becaufe, as I have before faid, the fmall 
mulcles which compofe a larger one, are only conne6fed by a kind of 
membrane : but, on the contrary, wdien any one particle in the 
flefhy fubflance of tlie heart, fuch as is reprefented in fg. 15 at 
ABC D, or any other ])article though much more minute, is w^ounded, 
the wdiole rlelli or fubftance of the heart, (by reafon of the intimate 
union of its parts) not only fuffers, but, through the violent and con¬ 
tinual agitation of the heart, in the protrufioii or expelling the blood 
13 
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in circulation, it becomes weaker, and, from fo fmall a’ wound, death 
mull: enfiie. Moreover, wlien I contider, how often we find a Imall 
exulceration or fore, in the hand, linger, or other part of the body, of 
which ^ve cannot perliaps trace the caufe, I can ealily conceive, that 
a fmall exulceration may, by fome accident, happen in the heart, 
wliereby fome of the flelhy particles may be injured, or rendered 
incapable of performing their fiin 61 :ions ; whence the heart not only 
languilhes, and becomes feeble, but, at length, may ceafe to move, 
whence fudden death enfues : and the Phyfician, not knowing the 
real caufe, is led to pronounce, according to the common opinion, 
that the perfon died of an apoplexy. Thefe are, however, no more 
than my own conjedlures. 

From what I have advanced, it may naturally be concluded, that 
I fliall farther lay it down as a certain pofition, that the heart cannot 
fuffer any wound, without certain and immediate death being the 
confequence : this, however, is not my opinion, in all cafes wliatfo- 
ever. For, we know, that there are many veins between the flefhy 
parts in the infide of the heart, which take their courfe from thence, 
and unite with the blood veflels furrounding it on the outfide; which 
blood veflels, are, throughout, and efpecially on the outfide of the heart, 
covered with fatty particles ; fo that there may be inftances, where the 
very extremity or point of a fword, may penetrate into the heart it- 
felf, but, being in a part where thofe veins and particles of fat lie, 
none of theflefliy particles of the heart may be injured, and the vein 
and fatty particles alone receive the wound, together with the exter¬ 
nal membrane furrounding the heart: hence it will follow, that fud¬ 
den death may not in luch a cafe enfue. 

After this, I examined the heart of a hen, in which alfo, not with¬ 
out pleafure, I faw the concatenation or linking of the flefhy parts, 
to be exadfly the fame as in the other hearts I have mentioned. 

This, however, I obferved in the hen’s heart, that, when cutting 
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it longitudinally, there appeared fame diiference in the forinatio]i 
for, whereas the cavity in the hearts of oxen and Iheep, is provided 
with a tendon ; on the contrary, here, inftead of tlie tendon, I 
found various flelhy parts, with their ramifications, fpread over the 
cavity of it. Whereupon, I began to refledl on the great exertion 
which birds are obliged to ufe in flying, and how little tliey are fati^ 
gued, even after taking a long flight. But, to fay any thing fatisfac- 
torily on this head, many previous obfervations ought to made. 

Afterwards, I examined tlie heart of a cod fifh, and found its com¬ 
ponent parts linked together in the lame manner as I have defcribed 
thofe of the other animals, and of the duck, to be: but when I re- 
fleaed on the circulation of the blood tlirough this heart, (which ap¬ 
peared more of a flefliy than a fifliy nature) and confidered, how the 
blood is propelled from it, into a wJiite body, in folidity or denfity 
nearly equal to the heart, whofe particles are linked together in the 
manner I have defcribed, and to how great a degree thefe particles 
upon the infufion of the blood muft be extended, and how contraaed 
in its propulflon, I was more and more lofl; in admiration. 



On the eye of a JFhale, zvith the Author s ohfervations on the prejfui'e of 
the fea-water at great depths. 

The mafter of one of our Greenland fliips, by name Ifaac van 
Krimpen, upon a certain time, made me a prefent of the eye of a 
Whale, preferved in fpirits of wine. This eye was not of a perfe6lly 
Ipherical figure, for its axis, in the thickeft part, was two inches and 
feven-tenths of an inch in length, and the axis in the thinned part 
was not longer than two inches and an half. 

That part of the tunica cornea in front of the eye, whicli rifes in a 
globular protuberance, was tw'o inches and an half in diameter. 

The cryflalline humour was not quite of a circular figure, as we 
generally find it to be in fiflies ; but on one fide, its fliape was fome- 
wliat deprelled, and the axis thereof meafured feventeen thirtieth 
parts of an incli, but tiie axis of that part wliich was extended to¬ 
wards the obje6l of vifion, was about half an inch in length. 

The cavity, wherein the cryfialline humour is included, was al- 
moft two inches diameter. The fubfiance confiituting the furface of, 
and furrounding that cavity, was fo compadl and ftrong, that I 
was fcarcely able to cut it with a very lharp knife. 

Obferving this, I began to confider, whether the nature of this 
fifli did not require, that the fubfiance inclofing the cryfialline hu¬ 
mour, fliould be fo hard and Iblid ; becaufe a Whale fometimes dives 
to great deptlis in the ocean, and, as the fifii under confideration, 
held run out the length of fourteen whale lines, each of which is 
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an hundred fathoms long; and, in this depth of fea, the preHiire 
of water on the bottom, is much greater than is commonly ima¬ 
gined. 

For, fuppofing the ocean, in any given place, to be 1400 fathoms 
deep, and each fathom to contain fix feet, which is the common 
meafure, it follows, that the ocean is, in fuch a place, 8400 feet deep. 

It is well known, that a cubic foot of water, fuch as is found in our 
canals, weighs 65 pounds, but that the fame quantity of fea water, 
being in its nature heavier, does not weigh lefs than 66 ^ pounds; 
but taking it only at 66 pounds, the refult will be, that every cubic 
foot of fea water, where the ocean is 8400 feet deep, does prefs 011 
the bottom with the weight of 554,400 pounds. And, with regard to 
the whale lines, which I have faid are 100 fathoms long, I am told 
that they are more commonly 120 fathoms, which gives a depth of 
16,080 feet. 

The fame Captain Krimpen, in afubfequent converfation informed 
me, that this Whale, having run out the length of fourteen lines, lay 
on the fandy bottom of the fea at that depth, from whence it was 
weighed up or raifed by means of the windlafs, and he added, that he 
fhould not have fucceeded in getting up this filli, unlefs the line, 
which by the harpoon iron was fixed in it, had alfo got a* turn 
or two round the tail, by which means, the Whale was brought up 
to the furface, the tail foremoft. 

The weighing up this Whale, was at firft fo difficult and laborious, 
that fix men at lead, were necellarily employed in heaving at the 
windlafs, and no lefs than fix hours were fpent in the operation. 
But, when all the lines fave one, were hove in, the labour became as 
nothing; for wffiich latter circumhance, I affigned to Krimpen, this 
twofold reafon, that the preffure of the water on the Whale was then 
greatly diminiflied ; and, that the fifli abounding with oily or fatty 
parts, which are lighter than water, would have a tendency to be 
buoyant, 3. 
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Let us now fuppofe, the eye of this Whale, in that part of it which 
was expofed to the fea water, to contain fix fquare indies in its fu- 
perficies, we may juftly fay, that when the fifli defcended to the 
depth of lea we have mentioned, the prefllire on its eye mult be 
equal to 23100 pounds weight. For, fix fquare inches are the 
twenty-fourth part of a fquare foot, and, if the prefilire on a fquare 
foot, at the before mentioned depth, is 354,400 pounds, it follows, 
that the twenty-fourth part, will fuftain a prelliire of 23100 pounds, 
which is one ton, fix hundred, and a quarter of a hundred weight. 

Seeing then, that fix fquare inches of fpace, at the bottom of the 
fea, where it is 8400 feet deep, do endure a prefllire of water equal 
to 23100 pounds weight, it is no wonder that the fea in the Bay of 
Bifcay is not to be fathomed by the lead. For, if the fea water, at 
the depth w^ehave mentioned, prefles on the bottom with the weight 
we have computed, it follows, that in fome parts of the ocean, which 
are at leafi; eight times that depth, the preffure mufi: be eight times 
as much. 

Hence we may fairly infer, that a weight, although of lead, fuch as 
that which feamen call the deep-fealead, cannot, where the depth is 
fo very great, touch the bottom, or at leaf!:, not in a manner to be 
perceptible, not only on account of the very great prefllire on the 
lead, but alfo, on account of the much greater prefllire on tlie lead¬ 
line, by reafon of its great length, which line itfelf is not much 
heavier than the fea water ; fo that the prefllire may very naturally be 
fuppofed to prevent the lead reaching the bottom. Again, it muft be 
confidered, that the ocean, though no current may be vifible on its 
furface, yet is never at reft; fo that though the lead, when caft, 
feems to fink ftraight downwards, yet it may be carried away by 
fome fiibmarine current, far from the man who heaves it, and the 
line may be bent and twifted many ways, by all which means, in 
fuch great depths, the lead may be prevented from reaching the bot¬ 
tom. But to return. 
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Tlie cryftalline humour in this eye, was fo clofely joined to the tu¬ 
nica cornea, as to force it out into a kind of globular extuberance or 
rifing, which appearance feemed very Grange to me, having never 
obferved the like, in any hfli or animal. 

I took off a piece of the tunica cornea, rather more than an inch in 
diameter, and, after leaving it a while to dry, I cut it by an oblique 
incifion into dices, in order to count, with greater facility, the num¬ 
ber of thin membranes of which it was compofed, and I found, that 
it conlided of, at lead fixteen or eighteen of thofe thin membranes, 
laid one on another. 

This tunica cornea, was lined on its infide, with a black membrane, 
every where entirely impervious to the light, excepting an oval aper¬ 
ture immediately in front of the cryftalline humour, through which 
the light was tranfmitted ; this alfo v/as to me an unufual appear¬ 
ance. This oval aperture was in length half an inch, and in breadth 
fomewhat lefs than a quarter of an inch. 

from this lad obfervation, a thought occurred to me, whether the 
whale has not a power of enlarging and contradling this aperture at 
pleafure, fo as to alter the manner of its vidon, as occadon may re¬ 
quire. The fame power of dilating and contracting the pupil, I re¬ 
member to have obferved in the eyes of a cat. 

1 then employed mylelf, to extra< 5 t the membrane which covers 
the back part of the eye, and to examine the optic nerve ; this I 
found to be no larger tha^i the optic nerve in the eye of an ox, but 
I noted this dngular circumdance attending it, that in many places, 
and I eadly counted as far as twenty dve of them, I law adhering to 
the membrane, arteries and nerves, which ifllied from the part 
through which the optic nerve pades. Some of thefe, were about 
the dze of a common pin, others much larger. 

rhefe are the matters, which appeared to me worthy of note on this 
occadon, though, if it were podible to obtain the eye of a Whale when 
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newly taken out of the head, I doubt not, that our enquiries miglit be 
profecuted much farther, and that, confequently, greater fatisfa6lion 
might be procured in the inveftigation. 

If we confider the propagation of the \Miale, by comparifon with 
that of the fmaller fifli, we fliall be led to admire the wife difpofition 
of Nature in this refpedf. To inltance in the common Ihrimp ; every 
one of them may be denominated a female, for they all, without 
exception, propagate their fpecies by eggs ; and that, in Inch 
numbers, that once, wlien I began to count the eggs on one 
Ihrimp, I had not got half way through the mafs of them, before I 
was tired, and gave up the attempt. Such a vaft number of eggs, 
produced by one fmall fifli is wonderful, efpecially if we confider, 
that every one of thefe minute eggs is nourifhed by a blood vellel. 
Now the larger fifli, which devour the fmaller, fuch as the Whale, 
the porpoife, and the Iword fifli, are not propagated by eggs, but 
bring forth their young perfe 61 :ly formed ; for if tliefe kind of filli 
increafed fo abundantly as the others, tlie fmaller fifli would every 
one be devoured by them. The Whale in particular, brings forth 
only a fmgle young one at a time, and is provided with two breads 
filled with milk, and fuckles the young, after the manner of terref- 
trial animals. 

I have fometimes, when refle6^ing on the enormous bulk of thofe 
Whales which were taken at the beginning of the Whale fifliery, ?nid 
on thofe huge bones of Whales, which are in many places fixed up 
for public view ; I have, I fay, on thefe occafions, conjectured, that 
probably thofe Whales might be of the age of a thoufand years and 
upwards. For I am perfuaded, that fiflies never die of old age, for- 
afinuch as their bones, being always of a foft texture, which never 
grows hard, may always be extended, fo that the fifli themfelves 
are always growing larger. But, terreftrial animals are expofed to 
the changes of the atmofphere, whereby their bones grow hard, and 
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when the bones are hardened, the body of the creature cannot be ex- 
tended to a larger fize. 

Having once, with the affifiance of an able geometrician, and by 
the eye with the help of quadrants, meafured the height of the tower 
of our new church in Delft, we found it to be 2gg feet * So that the 
depth of the fea, to which the Whale I have mentioned defcended. 
Was twenty-fix times as much as the height of that tower. 

* The London reader will be better able to judge of thefe altitudes, (the word altitude 
ta en m thefenfe of the Latin, altitudo^ from which it is derived, fignifies both height and 
depth] by comparing them with the Church of St. Paul’s or the Monument: the former of 
the^ IS about 500 feet in height, and the latter zoo j fo that if we call the height of the fteeple 
at Delft 300 feet, the Church of St. Paul’s is two thirds higher, and the Monument one 
third lower than that fteeple. And the depth of fea from whence the Whale was raifed, was 

°^y"^wo times the height of the Monument, and more than fixteen times the height 
•t bt. Paul’s, ® 



Of the Qidlls iifed in writing, and their feathers : on human hair, and 
the hair and wool of animals. 

3 VIy refle(?l:ions on the nature of thofe Quills with which we write, 
as alfo on the general make of the feathers of birds, led me to an 
inquiry into the manner of their formation ; which at length I dif- 
covered, and found, that Quills are compofed of ftreaks, or more 
properly fpeaking, vefl'els. Thefe veflels, in every Quill, are three¬ 
fold. The firft, or external ones, which conhitute but a fmall part 
of the Quill, are parallel to its length: the fecond, which are 
in a much larger quantity, take their courfe round about the 
Quill, within the former ones : thele fecond fort of veflels are not 
fo clofely united as to form what may be likened to a folid body, but 
lie one on another like fcales or coats, in fuch manner, that the dif¬ 
ferent layers of them may be plainly perceived: the third fort of 
vefl'els, which compofe the thickefl; or greateft part of the Quill, lie 
lengthwife, in like manner as the firfl mentioned ones : this third 
fort of vefl'els, are alfo difpofed in the manner of fcaly parts laid one 
on another ; and, confidering the thinnefs of a Quill, and the large 
cavity it contains, its formation is, in my judgment, the mofl; perfedl 
that could be contrived ; for, hereby it is made tough and flrong, 
both in its circumference, and in its length. To exhibit the nature of 
it to the eye, I caufed a drawing to be made of one. 

In Plate IX. fg.i, ABCDEFG, reprefents a common goofe 

L 1 
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Quill, drawn fmaller than the natural fize. At ABG, are repre-^. 
fented thofe veffels which compole the external part of the Quill, and 
lie in it longitudinally ; BCF G, are thofe which take their courfe 
round about it; CDEIF, are the veflels, which, like the firfl men¬ 
tioned ones, are placed the length way of the Quill. 

From thefe obfervations, Idifcovered the reafon, why feme Quilh 
when they are fplit lengthwife, in that part where they are hardell, 
form a kind of indented or jagged part in the fiffure namely, be- 
caufe thofe veffels, whole courfe is round the Quilh are not all 
broken in an even ftraight line ; efpecially, as I laid before, where the 
Quill is hardell : and where thefe veflels are heaped together in greater 
quantities than in other parts. Therefore, to prevent this accident, 
when the Quill is lb very hard, it is neceflary to ferape it a little- 
with the pen knife, by which means, in the fplitting, it will be llraight 
and even. 

I have frequently, by the microfeope, contemplated that part of thefe 
Quills which is called the feather, and alfo the feathers of fmall birds;, 
and always viewed them with admiration ; not only on account of 
the multitude of parts to be feen in them, but alfo, by reafon of the 
great numbers, and extreme minutenefs of the veflels, of which, not 
only the whole feather, but every little part of it is compofed. 

To exhibit to tlie view, the great numbers of veflels of which the 
feather conlills, I placed a fmall piece of one before a microfeope,. 
and a drawing of it is given at fig. 2, LMNOPO. 

In the preceding/^. 1, DHIKE exhibits part of the feather of 
the common writing Quill, fmaller, as before obferved, than the 
natural fize. At K, is reprefented a fmall part of the feather, a piece 
of which, leen by the microfeope, is fliewn at fig. 2, for, if the whole 


* This moil commonly happens in thofe Quills which have not been, what is called 
clarified, or when the Quill is fplit near the feather j this jagged ftiape of the fplit is wells 
known to fchool boys, and is denominated by them^ cats teetlu 
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of this piece were to be drawn when magnified, it would appear larger 
than the whole feather, feen by the naked eye. When tliis final] 
part of the feather is viewed by the microlcope, it VN’ill appear, how 
every one of its parts confifis of a great number of fmaller feather 
lhaped parts, all wliich parts are fo connedled or knit together, as to 
give ftrength to the whole feather. 

The reader, liere, miift underftand, tliat the particle or piece 
which is Ihewn magnified at fg. 2, LMNOPO, is not, in fa6l, fo 
big as a large grain of faiid : and farther, that this particle received 
nourilhment in its growth, no otherwife than by fmall vellels : the 
reader alfo will advert tofg. 3, RS, which is drawn from a micro- 
fcope of greater magnifying power, and is firipped oft' from the fide of 
fig. 2, at MNO, and alfo to fig. 4, TV, which is taken from the fide 
of Jig. 2, at OP O. 

AtLMO, is reprefented a part, bearing the appearance of glo¬ 
bules, of which the interior fubftance of this fmall particle of a fea¬ 
ther is compofed, which agrees with the formation of the correlpond¬ 
ing part in the entire feather of the Quill, pidfured at Jig. 1. 

In the figures 3 and 4, by R and T, are reprefented Ibme fmall 
veflels broken or torn afunder. 

All thefe fmall particles, each of which may be called a minute fea¬ 
ther, not only lerve to give ftrength to the whole feather, but are fo 
contrived, that in the bird’s flight, thei'e particles remain lb clofely 
joined together, as to enable it to make a ftrong impreflion on 
the particles of air, by the exadl and regular order of the component 
parts of the feathers. For otherwdfe, birds would not be able to fup- 
port themfelves in the air. All thefe particles, as I faid before, lie 
in moft exadf order befide each other, which lias induced me 
frequently to contemplate them, as alfo on account of the innumera¬ 
ble multitudes of veflels of which the Quill confifts. 

From this inftance, in the formation of the featliers of birds, wc 

L 1 2 
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may oblerve, that provident Nature, if not in all, at leaf! in many 
things which come under our invefligation, performs her operations 
with the greateh: uniformity ; for, in like manner, the cryflalline hu¬ 
mour of the eyes, not only of men, but of the larger terreftrial ani¬ 
mals, and alio of fifhes, as far as I have examined into them, con- 
fills of a kind of fcaly parts, laid one on another : fo likewife the tu¬ 
nica cornea or horny coat of the eye, which coat, I at firll conceived 
to be compofed of only three dillindl membranes, but afterwards, on 
a more accurate invefligation, I found to confill of an hundred 
membranes, laid one on another like fcales. And I conclude that 
this formation is defigned, not only to give the coats of the eye a 
great degree of llrength and firmnefs, but alfo, that if one of the 
membranes lliould be hurt, the others may efcape uninjured. 


It is the opinion of many, that the hairs on the bodies of men and 
animals, are hollow, and fome think, that they contain in them a 
marrow like the bones; but thefe opinions are erroneous. Hairs 
are formed with a kind of coat, which is analogous to the bark 
of trees, and their internal fubftance confills of llreaks or fibres.. 
Their growth, is not like that of plants, but is produced by a 
kind of propulfion, that is to fay, that the part which one day 
is within the Ikin, and is as it were, the root, in a day or two, 
is thrufl out beyond the Ikin : and as, when the hair firll comes forth, 
it is, in all its parts, very moill, as foon as the moillure begins to 
evaporate, the coat or bark of the hair, and the fibres adjacent to it, 
acquire a degree of firmnefs which prevents the hair from contradling 
inwards, whence it comes to pafs, that, as the internal fibres continue 
to dry, and thereby become thinner, they are divided afunder, and 
recede from each other, fometimes forming one, and fometimes 
more chinks, exhibiting a kind of darkifii furrow or furrows, which,. 
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doubtlefs, is what has been taken for the marrow of the hair. All 
this will be better underflood from the following figures. 

F/g. 5, ABCD, is a piece of an hog’s briftle, which I cut by a 
tranfverfe feblion; EEEE, are the chinks or cracks, arifing from 
the drying of the hair as above mentioned, and this hair is biirft or 
cracked, in the infide, more than ordinary. Fig. 6 , EG HI, is a 
piece of the fame hair, fomewliat nearer the fl^in, alfo cut tranf- 
verfeiy, in which, there are not many cracks, or chinks, but only 
one, which is, however, fo large, as to exhibit the appearance of 
a hole or cavity in the hair, as appears at KLM, and any one, upon 
feeing fuch an hair as this, would certainly conclude, that the ca¬ 
vity here feen, was not accidental, but the natural form and make, 
and confequently, that all hairs are hollow. Fig. 7, NOPO, is an- 
.other piece of an hog’s briftle cut tranfverfely, from which I fuppofe 
the moifture had evaporated fo ftowly, as not to leave the leaft appear¬ 
ance of a chink or crack : Jig. 8, is a perfedfly black hog’s briftle cut 
tranfverfely, and, as it exhibited a pretty appearance, I have given 
a drawing of it. And, though the roughnefs, which is on tlie edge 
of the lharpeft razor, frequently leaves fcratches on the face of the 
hairs thus cut tranfverfely, I almoft wholly avoided that appearance, 
for which reafon, I was better able to point out the ftreaks or fibres 
of which the hairs confift. 

From the preceding figures, it will appear, how much tliofe are 
miftaken, who will have it, that all hairs are round, whereas we ought 
rather to fay, that every hair has a figure peculiar to itfelf. 

It is my opinion, that the hairs on man’s body, do, at certain fea- 
fons, fall oft', and are again renewed, like the feathers on birds ; at 
leaft, I have experienced this to be the cafe with myfelf every fpring, 
(excepting the hairs on my head and beard) and I have obferved, 
that thofe hairs which feemed ready to fail oft', could be pulled out 
with a fmall pair of pincers, and not caufe that pain which attends 
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tlie plucking out a hair that is firmly fixed ; and I have fartlier 
oblerved, that thofe hairs which are pulled out by force, have large 
thick roots, whereas, the roots of thofe which are near falling off, 
are very fmall and pointed. 

Fig. 9, AB C DEFG, and H LMN PQ, are two very fmall hu¬ 
man hairs with their roots ; in thefe will be feen, that the points or 
Imall ends of them, at G and O, are fomewhat bent, which I attri¬ 
bute to this, that the points, when thin and tender at their firff ex- 
pLilfion from the Ikin, had met with Ibme obftacle in their growtlj, 
wliich not being able to penetrate, they were bent obliquely : It is 
not ufual to fee hairs bent at the fmall end, in the manner Ihewn at G, 
but they moft commonly appear as at O. 

AB, and H L, are the roots of thefe hairs, which do not appear 
lb large, if the hair falls off of itfelf, but, when a hair is pulled out by 
force, the root appears much larger than the hair itfelf, as is fhewn 
in this figure. 

The bending of the hairs I have noted above, may very^ eafily be 
occalioiied by their meeting witli fome obhru6lion in their growth, 
and having obferved a hair on my arm, which was very much bent, 
1 pulled it out, and placed it before a microfcope, in order to Ihew 
its figure in a drawing. 

Fig. 10, ABCDEFGHI, exhibits this hair, in which, A B C is the 
root, and at AC may be feen a fmall portion of the cuticle or outer 
Ikin, which adhered to the hair. D E F, indicate a confiderable bend¬ 
ing in the Iiair, and at GEH is fliewn a much greater bending, or 
rather, an entire circular curve, 

I have laid, that hairs are covered with a coat or bark, in like 
manner as trees, and that, however fmall, they are compofed on the 
infide of oblong parts or fibres, and I am perfuaded, that there is no 
difference between Bleep's wool, which is the fmallefi; kind of hair, 
.and the hairs of men and animals, except, that Iheep's wool confifts 
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of a lefs number of internal fibres. In order to fatisfy myfelf in 
this refpe 61 , I often broke pieces of wool, and endeavoured to 
fplit them into fmaller parts, wherein at firfl I was unfuccefsful, but 
at length I found means, not only, diftinftly to fee this formation 
myfelf, but alfo to exhibit the fame to the view of others. 

I therefore delivered to the Limner three microfcopes, direfting 
him, to make drawings of the obje^fs he faw. 

Fig. 11, KLMN, reprefents a fmall piece of white flieep's wooh 
in which, at L and M may be feen, that it confifts of a great num¬ 
ber of fmaller hairs, (if we may call the interior parts of the wool by 
that name ;) and who can tell, whether each of the particles, fliewn 
at L M, may not again confift of a great number of dill fmaller par¬ 
ticles } 

This piece of white flieep’s wool, was very tranfparent before it 
was broken, or cracked; but, at L and M, where many of its oblong 
component particles are broken or fevered afunder, it appeared quite 
opake, and more of a black colour than tranfparent. 

Fig. 12, OPQ, reprefents a piece of white wool, placed before 
another microfcope; this piece is broken or burft open only in one 
place, where alone the internal parts appear, and at O only two of 
thofe internal parts can be leen, whereas, in the piece pic^hired at 
fg. 11, all the internal fibres are divided afunder. 

Obferving one of the hairs on my arm, to be not only much 
broken of worn away, by the fri 61 :ion of my fliirt, but alfo the inter¬ 
nal parts to be feparated from each other, I pulled out the hair, and 
placed it before a microfcope : this piece of broken hair, magnified, 
is reprefented ^itfig. 13, RS, wherein at S, which is the part worn 
or fretted away,, fome fmaller particles appear, being the fmall fibres 
of which the hair confifis. 

The preceding experiments and obfervations, will, I trufi:, refute 
the erroneous opinion I have mentioned, that the hairs on our bodies 
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are hollow within, and, if hair and wool, (which is the hair of flieep) 
were not compofed of many minute hairs or fibres, they would not 
have that hrength and toughnefs which we oblerve in them. 

Sometimes, in human hairs, and efpecialiy in the very middle 
of them, I have obferved a dark line : particularly in feveral of tiie 
hairs taken from my own beard : and when I attentively exa¬ 
mined this dark line, I found it to confift of fuch minute and (lender 
particles, as to be almoft undifcoverable even by the microfcope. 
Examining fome very fmall hairs, of three, four or five days 
growth, and finding fome to be throughout quite tranfparent, others 
darkened only in a very fmall degree, and finally, others with no 
more than a fmall dark fpot on them, I began to confider, whether 
this dark fhade in the hairs, might not proceed from fome particles 
of blood in the fubftance of the hair, and there dried. 

To give the reader an idea of this dark line, I caufed a drawing to 
be made of a piece of a Tingle hair, which I concluded to be of three 
days growth ; this is to be feen at fg. 14, O PQRSTV W, in which 
at QRS and V W O, are the two ends where the piece of hair was 
cut with a knife: from W to P, or as far as T, the dark line I have 
mentioned extends, which I have mentioned to be vifible in fome 
hairs, and in others not fo confpicuous. Laftly, between R and 
T P are reprefen ted thofe dark fpots, which are to be obferved in 
other hairs. 







The translator, to the READER. 

If this tranflatioii is a faithful one, I doubt not that the Reader will 
be led to admire the extenfive range of the Author s refearches, and 
the pains he takes to make his diicoveries intelligible to all ; and 
thofe who compare his defcriptions with the produdlions of Nature 
at this day, will be equally pleafcd to obferve their exadl coinci- 

dence. 

But, though I think it may fairly be faid, that the v/orks of Mr. 
Leeuwenhoek are, upon the whole, fupcrior to any that have appeared 
upon Microfcopical fubjedls, I do not mean to fay, that there are no 
inftances, in which others have not been equally fuccefsfuL coun¬ 
tryman of our own. Dr. Robert Hooke, who was a cotemporary of 
the Author, and Secretary to the Royal Society loon after its tirft 
inftitution, publifhed feveral EUays, containing his difcoveries by the 
Microfcope, with many very judicious and ufeful remarks. In fome 
of thefe. Dr. Hooke has handled the fame fubjedfs as our Author, 
and I fliall take occafion, here to introduce a pallage from that Book, 
wherein fome of the particulars refpedling Feathers, mentioned in 
the preceding Eflay, are more minutely defcribed than by Mr. 
Leeuwenhoek. ^ 

‘‘ Examining feveral forts of Feathers, I took notice of thefe par- 
ticulars in all forts of wing-Feathers, efpecially in thofe which 
“ ferved for the beating of the air in tlie adfion of flying. 

“ That the outward furface of the Quill and flem was of a very 
hard, ftiff, and horny fubftance, which is obvious enough, and 
“ that the part above the quill was filled with a very white and light 
“ pith, and, with the microfcope, I found this pith to be nothing 
‘‘ elfe but a kind of natural congeries of fmall bubbles, the films of 


* Hooke’s Micrographi^, p. 165, Edit. 1667. 
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( qSo ) 

‘‘ which feem to be of tlie fame fubhance witli tliat of the quill, that 
“ is, a fiifl’ tranfparent homy fiibftance. 

‘‘ As for the make and contexture of the down itfelf, it is indeed 
“ very rare and admirable, and fuch as 1 can hardly believe, that 
the like is to be difcovered in any other body in the world ; for 
“ there is hardly a large Feather in the wing of a bird, but contains 
“ near a million of diltindl; parts, and every one of them fhaped in 
“ a moft regular and admirable form, adapted to a particular defign : 
“ for, examining a middle fized goofe quill, I eafily enough found 
“ with my naked eye, that the main hem of it contained about 300 
longer and more downy branchings upon one fide, and as many on 
the other of more hiff but fomewhat fhorter branchings. Many 
of thefe long, and downy branchings, examined with an or- 
“ dinary microfcope, I found divers of them to contain near 1200- 
“ fmall leaves, (as I may call them) fuch as EF in the figure* 
and as many flalks : on. the other fide, fuch as IK in the fame 
figure, each of the leaves or branchings, EF, feemed to be di- 
“ vided into about fixteen or eighteen fmall joints, as may be feen. 

plainly enough in the figure, out of moft of which there feemed^ 
“ to grow fmall long fibres, fuch as are exprehed in the figure, each: 

of them very proportionably fhaped according to its pofition, or 
“ placed on the flalk E F ; thofe on the under fide of it, namely, 
“ 2,3,4,5,6,7,8,9, &G. being much longer than thofe diredfly op- 

‘‘ pofite to them on the upper ; and divers of them, fuch as 2,3,4,5, 
6 ,y, 8 ,g, See, were terminated with fmall crooks, much refem- 
‘‘ bling thofe fmall crooks, which are vifible enough to the naked’ 
eye, in the feed-buttons of burdocks. The ftalks iikewife, I K, on. 
the other fide, feemed divided into near as many fmall knotted 
joints, but witJiout any appearance of firings or crooks, each of 
them about the middle K, feemed divided into two parts by a kind 


Plate IX. 1.5, 
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of fork, one fide of which, ziamely, K L, was extended near the 
length of K I, the other, M, was very lliort. 

“ The tranfverfe fedlions of the ftems of thefe branchings, mani- 
felled the lhape or figure of it to be much like INOE, which con- 
“ filled of a horny Ikin or covering, and a white leemingly frothy 
“ pith, much like the make of the main hem of a Featlier. 

‘‘ The hems of the downy branches INOE, being ranged in the 
“ order vifible enougli to the naked eye, at the diha^nce of IF, or 
‘‘ fomewhat more, the collateral halks and leaves (if I may fo call 
thofe bodies I newly defcribed) are fo ranged, that the leaves or 
“ hairy halks of the one fide lie at top, or are incumbent on tlie 
halks of the other, and crofs each other, much after the 
‘‘ manner exprelfed in the figure, * by which means every one of 
“ thofe little hooked fibres of the leaved halk gets betw^een the 
naked halks, and the halks being full of knots, and a pretty 
way disjoined, fo that the fibres can eafily get between them, 
“ the tveo parts are fo clofely and admirably w^oven together, 
that it is able to impede, for the greateh part, the tranfcurfion of 
the air ; and though they are fo exceeding!}' Imall, as that the 
thicknefs of one of thefe halks amounts not to a 500th part of an 
inch, yet do they compofe fo hrong a texture, as, notwfithhanding 
‘‘ the exceeding quick and violent beating of them againh the air, by 
“ the hrength of the bird’s wang, they firmly hold together. And it 
argues an admirable providence of Nature in tlie contrivance and 
fabrick of them ; for their texture is fuch, that though by any ex- 
ternal injury the parts of them are violently disjoined, fo as that 
“ the leaves and halks touch not one anotlicr, and cordequentiy fe- 
veral of thefe rents w^ould impede the bird’s hying ; yet, for the 
moh part, of themfelves they readily re-join and re-contex them- 

' 5 ^ Pita- IX. fig. 16. 
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felves, and are eafily by the birds ftroking the Feather, or draw- 
ing it througli its bill, all of them fettled and woven into their for- 
nier and natural pofture ; for there are fuch an infinite company of 
“ thefe fmall fibres in the under fide of the leaves, and moft of them 
‘‘ have fuch little crooks at their ends, that they readily catch and hold 
'' the ftalks they touch/’ 

Here we fee a perfe 61 ; agreement between thefe two valuable wri¬ 
ters, in defcribing the fame fubje6l, with this difference only, that 
the Englifli author has more minutely defcribed that curious part 
in Feathers, which Mr. Leeuwenhoek only mentioned flightly; I 
mean the contrivance of Nature, whereby the feveral minute 
Feathers compofing the larger, are knit together fo firmly as to bear 
the ftrong exertion of the bird in flying, without yielding a paflage 
to tlie air. 

The fame Author, in treating of hair, has thefe words, ‘‘The 
“ root of the hair was pretty fmooth, tapering inwards, almofl; like 
“ a parfnip, nor could I find that it had any filaments, or any other 
“ veflels, fuch as the fibres of plants. 

“ The top when fplit (which is common in long hair) appeared 
“ like the end of a flick, beaten till it be all flittered, there being, 
“ not only two fplinters, but fometimes half a fcore and more. 

“ For the brifiles of a hog, I found them to be, firfl, a hard 
“ tranfparent horny fubflance, v/ithout the leafl appearance of pores 
“ or holes in it, and this I tried with the greatefl care I was able, 
“ cutting, many of them with a very fharp razor, fo that they ap- 
“ peared, even, in the glafs, to have a pretty fmooth furface, but 
“ fomewhat waved by the fawing to and fro of the razor, as is vifi- 
“ ble in the end of the prifmatical body A in the figure.'^ The fliape 
of the briftles was very various, neither perfe 611 y round, nor fharp 
“ edged, but prifmatical, with divers fides, and round angles as. 
appears in the fame figure, “f 

* Micrographia, p. 157. f Plate IX.y%,. 17. 



An extraordinary quantity of Fiffj on tbefea coafl near Delft, noted by 
the Author, with the reafojis ajfigned by him for the fame. 

In the months of April and May 1716, there were brought to our 
town of Delft, from the fea coafts at Schevling, Catwick, and Ter- 
heid, a great quantity of the fifli called haddocks, which, though 
very frefh and good, were fold at a low price. The glut of this filh 
was fo great, that though in general they are caught with hooks, 
they were on this occafion, taken in nets. 

Seeing this, I confidered, that there muft be fome particular rea- 
fon, why thefe fifh Ihould at that time refort to our coafts in fuch 
multitudes, and I was afterwards confirmed in that opinion, for in a 
month or two afterwards, not one of thofe fifh was to be taken : and 
the reafon which I afTigned to myfelf for the abundance I have men¬ 
tioned was, that at that time, there was a greater quantity of food 
for them on the coad; than ufual, whereby they had been tempted 
thither. 

In order to inveftigate this matter, I opened the flomachs of many 
haddocks, and found them to be filled with a certain fmall fpecies of 
flirimps, called by our fifhermen meutjens, which are taken among, 
the common flirimps, and are ufed for food by people living along, the- 
fhore. 

About a fortnight afterwards, on examining the flomachs of the 
haddocks, I found fame of them quite empty, and others not more- 
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tlian half filled with the before mentioned fmall fifli; and fo much was 
the glut then diminiflied, that few or no haddocks were taken. Upon 
enquiring the reafon of this diminution from a liiherman, he anfwered 
only, that every fort of fifh had its feafon, though I fliould rather 
have faid, in tlie words of fcripture, "‘that where the food is, there 
will the eagles be gathered together.’" 

At the time there was this glut of haddocks, there was a great 
quantity of cod fifli caught on our coafl, the reafon of which I 
took to be, that thefe cod flocked to our fhores in purfuit of the 
haddocks which are their food. 

About the beginning of 06 lober, in the fame year, there were 
taken on our coafts, great quantities of the common flirimps, and 
thofe in better condition than they are generally found in the fum- 
mer time. Hence I concluded, that the haddocks would again re¬ 
fort to our coafts, and that the flirimps, to avoid them, would crowd 
in greater quantities to the fliores and fhallows. 

To fatisfy myfelf in this refpedf, and that I might learn what 
particular kind of food is ufed by the haddock, I cauled the entrails 
of a very large one to be brought to my houfe; but, to ni}^ great 
furprize, I found not only the ftomach, but the intellines adjoining 
it, to be entirely empty of food. 

1 enquired of a fifh woman what might be the reafon of this, who 
gave me the following anfwer: Our fifhermen (for file lived at 
Delftshaven) have a pond or ciftern, lined at the bottom and on 
the fides with timber full of holes, fo that the water freely paft'es in 
and out with the tide ; and the fifli being kept in this ciftern, can at 
all times be brought to market alive and vigorous. But the fifher¬ 
men lay, that when the haddocks are thrown into this ciftern, they 
immediately empty their ftomachs of all the food they have fwal- 
lowed. 

Hereupon, I examined a little of the matter or fubftance contained 
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ill the inteftines at a Gonfiderabk dihance from the ftomach, and 
I found the fame to confift of fragments of fhrimps mixed with 
many particles of fand, rather larger than the fand found on the 
fea fliore, and which particles of fand I concluded die haddock liad 
picked up with the fhrimps from the bottom of the fea, and had 
fw'alio wed down both together. Among thefe grains of fand, I faw^ 
many Ihining particles, Ibme thoufands of wdiich, laid together in an 
heap, would not equal a large grain of fand : thefe were all of different 
diapes,, but, in every one of them, the Tides, angles and points, 
were fo'Tmooth and glittering, as to be very little inferior in beauty 
to the moft polifhed diamonds. At firft, I fuppofed them to be no 
other than common fait, but I found them to be much more hard 
and folid than our fait. After I had deeped them a fliort time in 
rain water, I could dill didinguidi fome of them, though much di- 
minifhed in brightnefs; others of them, Teemed to be partly dif- 
folved, and to be furrounded with fmaller particles : thefe latter, I 
concluded to be, dill more minute falts, which, in didblving, had 
feparated from the larger ones, and afterwards concreted in cinders. 

In the month of November in the fame year, there was another 
great draught of haddocks on our coad, whereupon I w^ent to the 
dill market to examine the intedines, when newly taken out of the ddi: 
I found mod of the domachs to be empty of food, but fome re¬ 
mains thereof in the intedines; and, as at the fame time, great 
plenty of cod fidi were caught, I judged that the haddocks, avoid¬ 
ing the piirfuit of the cod, and thefe purfuing the haddocks, was the 
reafon, that both w^ere taken in fueh abundance. 

Thole perfons, wTo are very nice in their tade, prefer the had¬ 
docks brought to us from Maedandduys, to thofe that are brought 
draight from the fea Ihore, though both are taken near the fame; 
trabl in the ocean. Upon eonfidering with myfelf, what might be 
the reafon of this difference, I could not adign any more probable 
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one than this, that thofe haddocks \vhich are brought ftraight from 
the fea fide, are, as foon as taken, thrown into bafkets, to the num¬ 
ber of eight or ten in each balket, and die, thus heaped together, 
before they are expofed to fale: whereas, the fiflierinen at Maef- 
landfluys, keep their fifh for a time in thofe cifterns I have dc- 
fcribed ; and the fifliermen of Delftfliaven, have alfo a kind of fifh 
trunk or well in their boats for the like purpofe. Therefore, the 
fifh which are thus kept alive without food for two or three days 
after they are caught, are of a much better taffe. 

The fame is experienced in river fifh, efpecially trout, which, 
when caught in the furnmer time, are unpleafant to the palate, 
tafting of the herbs on which they feed, but, if kept a few days in 
ftew ponds, cifterns, or other fit receptacles, are much improved in 
flavour. 

But to return to the fubjedl of the fifli market, I obferved a large 
cod filh, very much diftended with a quantity of food, namely, 
haddocks, which it had devoured, when fome of the fmaller cod 
lying near it, appeared empty. Hereupon, I enquired of an old 
hflierman, whether thofe cod fifii, which were fo diffended, did not 
differ in talle from thole, whofe flomachs were empty; to which he 
anfwered, that thofe cod were to be preferred, whofe bellies were 
rqmpadl or clofe. This is a phrafe among fifhermen, applied to 
thofe fifli whofe roes are not very large, and whofe flomachs are 
very little, or not at all diflended with food. 





Of tie Nutmeg; the young plant in it difcovered; the root of the Nut- 
meg'tree examined and defcrihed; zvith fo7ne hints from the Author 
refpedting the heji method of preferving Nutmegs from being injured 
by infedis. 


Heaving, at many different times, employed myfelf in the exa¬ 
mination of Nutmegs, in order, if poffible, to difcover the young plant 
of the future tree (which, I was well allured tliey contained) but 
always without fuccefs, I at length received, from one of the Di- 
redlors of the Eaft India Company, refiding in our town, a few 
Nutmegs, and alfo a parcel of powder or dufty matter, wliich had 
been found adhering to fome of the nuts to the intent, that I 
might examine them, and fee whether this powder had not been 
gnawed or bitten off the nuts by mites. 

With the greateft accuracy I was able, I examined this dufty 
matter, and, with all my attention, I could not difcover in it any 
mite either alive or dead, but in fome of the Nutmegs which had 
heen in part eaten away, I found feveral fmall maggots of different 
kinds, and alfo a few flying infedfs which I concluded had been bred 
from maggots of the fame fpecies; but the bodies of all thefe 
creatures were fo much fhrivelled, that I concluded they had been 
long dead, and that, not being natives of thefe regions, they could 
not endure the cold of our climate. 


* I'his valuable fruit or fpice, which, in Englidi, is called by the Tingle word Nutmeg, is 
in Dutch denominated Noot Mufcaat, herein agreeing with the botanical Latin name Nux 
mofcbata, the Mulk-nut > it is alfo denominated Nux myriftica, the odoriferous or fweet- 
fmelling nut. 
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I next went to 6iir Eafl India Company's warehoufe, at the time 
the ollicers employed to fort the fpices were bufy in allotting the Nut¬ 
megs according to their qualities, and I brought home with me, two 
or three handfuls of the refufe thrown away : any one upon view ¬ 
ing this with the naked -eye, would eafily be led to conclude, 
that it contained mites, but with my utmoft attention, I could not 
difcover any mites, much lefs their eggs, and only a few of the dead 
infedfs I have before mentioned. I alio brought home ten or twelve 
of the mod; damaged Nutmegs, which felt very light in the hand, and 
were much fhrivelled : upon examining thefe carefully, I found that 
mod part of the dud or powder, which upon a curfory view might 
be taken for mites, was nothing clfe than the dud of the Nutmegs, 
and the excrements of maggots which had almod entirely fcooped 
out the infides of thofe nuts. 

In the examination of thefe and other Nutmegs, it appeared to me, 
tliat thofe which had been gathered unripe, were the mod liable to be 
devoured by maggots, becaufe the oily matter in this nut, which per¬ 
vades its fubdance in dreaks like the veins of marble, and covers the 
outward bark in like manner, is contrary to the nature of thefe mag¬ 
gots ; for when I cut open the nuts wherein they were, I found the 
oily part every where uninjured, and on the contrary, all the whitifii 
part of the nut confumed, fo that thofe oily parts lay within the nut, 
exhibiting to me, as it were, a labyrinth of turnings and windings, 
whereas, the unripe nuts, where the oily fubdance was not completely 
formed, were in the infides, quite confumed; I alfo perceived the 
external coat of the ripe nuts in fome places bored or eaten through, 
but in my opinion, when the maggots reached the parts were the oil 
was fully ripened, they defided from farther biting, and only devoured 
that part where the young plant is fituated, and which is the thicked 
part of the nut. 

I was much furprifed, that I could not difcover any mites among 
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the Nutmegs, becaufe there is rarely any fubftance that can beufed 
for food, where they are not to be found, 

I determined therefore, to examine whether mites fed upon the 
Nutmeg, and therefore I placed about a quarter of a nut, among 
a parcel of mites, when I perceived that they fled from it. 

Moreover, I took a glafs tube, fomewhat larger than a fv/an’s quill, 
one end of which I flopped with a cork, and, after putting into the 
glafs feme hundreds of mites, I cut a fmall piece of Nutmeg of a fize 
that I could put it into the tube ; and I perceived that the mites next 
the Nutmeg foon died. I then put another piece at the other ex¬ 
tremity of the tube where there were many live mites, which 
alfo in a very fliort time died. 

To fatisfy myfelf ftill farther, I took a glafs' tube, thirteen inches 
Tong, and half an inch diameter ; one end of this I clofed by melting 
it, and put as many mites into it as I computed in bulk altogetlier to 
be equal to half a cubic inch, and, according to the exa6lefl compu¬ 
tation I could make, they were in number 150,000. 

After thefe mites had been about a quarter of an hour in the tube, 
they Ipread themfelves from the mafs in which they were, when Ai'A 
put in, and difperfed all over the glafs; I then fplit a very found 
and good Nutmeg into four parts, one of which parts I placed in the 
open end of the glafs, fo that I might obferve by the microfeope, 
what efle 61 : it would have on the mites when they approached it. 

Moft of them I faw creeping towards the open end of the tube, 
and when they came to within about a flraw's breadth of that part 
where the piece of nut touched the glafs by two of its points, many 
of them returned back, though they might have pafled by tlie nut 
without approaching nearer than the eighth part of an inch to the 
main fubftance of it. 

The retreat (fo to exprefs myfelf) of thefe multitudes of mites, 
afforded me a very pleafant fpedlacle, for here it appeared, that the 
exhalation or vapour proceeding from the piece of Nutmeg, was fo 
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noxious and offenfive to them, that they drew back from it faher 
than they had advanced towards it, in order to make their efcape out 
of the glafs. 

Some others of the mites having advanced fo far as to have got 
lome liairs breadth diftance beyond the Nutmeg, were prefently 
arretted in their courfe, and, lofing all motion, they expired. 

Moreover, I obferved numbers of the mites creeping along the 
glals, near that part of the Nutmeg which was covered with 
the rind, and they would have efcaped, if I liad not intercepted 
them by placing another piece in the way, fo that they could not 
get out without pafhng the broken part of the nut, and hence it 
aj)peared to me^ that the vapour of the nut exhaled much more 
ieebly next the rind, than from the internal newly broken part. 
Hereby, not only the efcape of thefe mites was prevented, but all 
that were near the nut died there, and in the fpace of eight and 
forty hours, out of fo great a number of mites very few were left 
alive. 

To explain this experiment better, I caufed a drawing to be made of 
the glals tube I ufed on the occafion, which is to be feen in Plate X, 
fg. 1, ABCDEFGHI. Here, AI is the open end of the tube ; E, 
the end which wasclofed, and in which the mites, when ErR put into 
the tube, lay in the greateft numbers. Between CD and FG, was 
placed the firft quarter of the Nutmeg with the internal broken part 
next the eye, where fome of the mites had crept on the other fide of 
the glafs next the rind, and palled by the nut, when as I mentioned 
before, I placed the other piece of nut, with its broken fide the con¬ 
trary way to the other, fo that the rind appears between AB and 
HI next the eye, by which the mites were prevented from efcaping, 
and all died within the glafs. 

In refiefting on the circumftance of thefe mites being thus killed, 

I judged that it was not by the vapour of the Nutmeg being hurtful 
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to their bodies in general, fuch as the Ikin, bones, &c. but that it adled 
fo powerfully on the lungs of thofe creatures, as to prevent their ref- 
piration. For, in like manner as noxious vapours do not, fo far as 
I know, in any manner injure our flvins, becaufe the moillure of our 
bodies is continually expelled from the inward parts outwards, 
through the (kin to the furface ; and as no particles, either of foul air 
or common water can be received into the body through the fivin, 
for which reafon it is, that the flelby parts of filh or other animals, 
living in water, however fait it be, do not partake of that faltnefs ; 
fo mites, the fame as larger animals, who are kept alive by relpi- 
ration, die when that refpiration is obftrudled or prevented. And if 
lb, w^e have here another inftance of the furprifmg order and regu¬ 
larity with which all things are created, fhewn in the wonderful for¬ 
mation of the mite, which, though unknowui to many perfons, and, 
by reafon of its minutencfs, held of no account, docs yet appear 
to me, endowed with greater perfeftion, and more curioufiy forined 
than many larger animals. 

After the preceding obfervations, our Eafl India Fleet arrived, 
whereupon, 1 became defirous to procure fome of the Nutmegs 
newly imported, and thofe of the bell and ripefl; in order, that if 
pofllble, I might fo far caufe them to vegetate, that I might be con¬ 
vinced I faw the young plant in the nut, and might alfo be able to 
take it out from thence. And one of our Fall India Direblors very 
kindly gave me fome of the largefl Nutmegs ; ainong thele I per¬ 
ceived a few, which, though thoroughly ripe, were infefled with 
maggots. 

Two of thefe nuts I opened, and out of each I took a thick fliort 
white maggot, about the fifteenth part of an inch in length, furniflied 
with fix feet in the fore part of its body, and covered with a great 
number of long and very flender hairs : from the fame nuts I alfo 
took two or three pellicles or thin fkins of different fizes, which appa- 
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rently Iiad belonged to maggots of the fame fpecies, whence I con¬ 
cluded, that during their growth, thefe maggots change their fkins 
in like manner as filk worms are oblerved to do. 

I alfo found in thefe nuts, two flying infe6fs of different kinds, 
but they, as well as the maggots, notwithflanding all the care I could 
take, foon died, wlience I w^as more convinced that the maggots which 
feed on the Nutmeg are not natives of thefe regions, and I do not 
doubt, that if the warehoufes in India, where Nutmegs are kept, 
were to be well fumigated with fulphur, once a month, (for if this is 
done only once, thofe infects which are at that time alive may be 
killed, but the minute maggots inclofed in the eggs will efcape un¬ 
hurt, and therefore the fumigation mull be repeated) by this 
operation the Nutmegs w^ould, in a great meafure, be preferved 
from damage. And 1 alfo think, that it would be very proper to 
fumigate the holds of the fhips with fulphur, by w^hich means thefe 
maggots, and thofe w^hofe nature it is to perforate and feed on tim¬ 
ber; alfo, the infects called cock roaches, the millepedes, or thou- 
land legs, and even mice, which hide themfelves in the holds of fliips, 
niiifl: be all deftroyed. 

1 endeavoured, three feveral times, to caufe the Nutmeg to 
vegetate, but I had not the good fortune to fucceed; which,. 
I think, wms partly owing to the lime with which the nuts had 
been fprinkled, and partly to their being fo much dried, that in 
many places they w^ere cracked in the infide. In this my fearch, how^- 
ever, after difle6ting many nuts, I at length, with great pleafure, not 
only difcovered the plant, but fucceeded in taking it out of the nut. 
The outer part of the leaves of this plant w^as formed with many 
indentings and points in the manner of vine leaves, and the leavers 
themfelves were as large as I ever found in the feed of any 
tree whatever. Upon viewing thefe leaves by tlie microfcope, 
I could fee the veins or veflels, lying in as regular order, as are m 
be feen by the naked eye in the full growm leaf of any tree. 
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Fig. 2, KLMN, reprerents this i'mali plant taken out of tiie 
Nutmeg, as nearly as the limner was able to draw it from the naketf 
eye; and though it feems to be compofed of many leaves, yet, in 
my judgment, there are but two ; but! could not examine that matter 
very ac^curately, becaiife in the attempt, the plant was often broken. 
The part in this figure marked N is that, from whence the Rem and 
root would grow. 

Moreover, I placed a fmall piece of the outward part of this leaf 
before a microfeope, and diredledthe limner to make a drawing of it 
with all the veRels in it, as they appeared to him. 

Fig. S, OPQRS, reprefents this piece of leaf; OP, is the part 
which was broken off from the reR of the leaf, and QR is the 
external edge of it. 

In this fmall piece of leaf we not only fee, how the veffels or veins 
are branched out into fmaller ramifications, but in many places may 
plainly be feen, the oily matter or fubRance, which is the fame in 
nature and colour, as is to be feen in the nut itfelf. And fince we 
fee fo many branchings of the veins in fo fmall a piece of a leaf, who 
can tell how many more ramifications thei^ may be in it, entirely 
efcaping our fight ? 

During the time that I was employed in fearching for the plant 
in the Nutmeg, I fell into converfation with a friend refpe6fing the 
tree that bears this fruit, which tree, I was perfuaded, had fome 
eavity in the middle of it; this coming to the ears of a certain Pro- 
fefibr, he fent me two pieces of the root of the Nutmeg tree. 

Upon examining tliofe pieces of root, both at the larger and 
fmaller ends, I was greatly furprized to find, that this wood is of a 
remarkably fpongy nature and very porous, though it has not any 
cavity in it, difi'erent from the wood of other trees ; for, from the 
root, we muR conclude., that the tree itfelf is of the like loimation. 
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And in this root, I perceived fome wonderfully minute veflels, 
furrounding, as it in were, many places, the larger tubes of the wood, 
and through which, as I fiippofe, the tree receives nourifhment in 
its growth. 

Ill order, as exaftly as pofTible, to exhibit to view the wood, or 
rather the root of the Nutmeg-tree, which bears fuch a precious and 
highly valued fruit, I have given the figure of a circle, which we 
muff fuppofe to be a branch of the tree, or of its root, fawed off’ 
tranfverfely, as is to be feen at fig. 4, ABCDEF. From the center 
of this figure are drawn many very fmall lines, as appears between 
CDFx 4 , and thefe we are to fuppofe are thole veflels which ferve 
for the increafe of the tree or root, and, by means of which, there 
is every year a new f'ubflance formed about the tree, as I have often 
heretofore mentioned. 

Now, in order to invefligate accurately, the true formation of this 
wood, we muff not examine merely the extremity of it, which would 
prefent an obfeure obje6f to the eye, but we muff cut off' a fmall 
piece or particle of the wood, as from E to the circumference, after 
we have, with a very thin and fliarp knife, cut or pared the extre¬ 
mity as fmooth as pollible. In this manner I cut off a piece or par¬ 
ticle of the wood, not fo large as is fhewn ^tfig. 5. This piece of 
wood, placed before the microfeope, and copied as exa6fly as the 
limner was able to reprefent it in his drawing, is fhewn fig. 6 , 
ABCDEFGH, and in it are to be feen, many of the vellels or 
tubes of which the wood confiffs, fome of the larger ones of which, 
I have exhibited at 1 , 1 , 1 . 

Among thefe larger tubes of the wood are to be feen a great 
number of finaller ones, and many of tiiefe fmalier tubes are again 
furroiinded by other exceffively minute veflels, through which latter 
vefiels, for the mod: part, the nourifhment is conveyed upwards in 
the tree, as I fuppofe. 
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But, as thefe fnialler veflels, which are plainly to be feen by the 
inicrolbope, cannot, by reafon of their minutenefs be well exprefled 
in a drawing, unlefs Bill more enlarged, I ufed a microfcope of greater 
magnifying power, and caufed a fmall portion of the wood which 
in fig. 6 , is iituated betw’een the two larger veffels, K and L, to be 
drawn fomewhat larger than it appeared through tlie microfcope be¬ 
fore which it was placed, and this is fliewn in fig. 7. ABCD. 

This piece of wood was fo cut, that all the horizontal veflels were 
exablly divided, and I could plainly perceive them, whether I 
viewed the objebt upwards or downwards ; and I furtlier faw, that 
where the horizontal veflels lay, there the larger tubes of the wood 
were fituated, as appears in this figure at AB, and DC, which is 
where the horizontal veflels were fituated. 

In fig. 6 , are alfo fhewn, the horizontal veflels which take their 
courfe among the perpendicular veffels or tubes of the wood, but, as 
all the afcending veflels or tubes are cut tranfverfely, fo that their 
cavities become confpicuous, on tiie contrary, the horizontal 
veflels, by this manner of cutting, preferve tlieir fliape as near as 
may be. In this figure there appear more of thefe laft veflels about 
the parts marked A and B, than about G, or between G and F ; the 
reafon of which is, that in fplitting the wood, the knife did not pals 
in fo firaight a direblion along thole veflels as I wiflied: for the 
fame reafon thefe horizontal veflels appear in greater numbers at E, 
or between E and F, than about C. 

In thefe horizontal veflels may be feen a red and yellowifh fub- 
ftance, fimilar to the oily matter in the Nutmeg, and the young 
plant it 'Contains, fo that tlie horizontal veflels are of a reddifli colour. 

Farther, I determined to cut thefe horizontal veflels, each of which 
can be diftinbfly feen, and which generally lie three, or at the moft, 
four together in rows, in an oblique manner, fo as to exhibit their 
cavities to view.. A fmall particle of the wood reprefented at fig, 4, 
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ABCD F, fplit lengthwife, at the part marked D F, I placed before 
a mlcrofcope, and this very thin particle, fo fplit off, is fliewn at 

8, PQRS, in which appear eight didindl places, where the hori¬ 
zontal velfels are cut in this oblique manner, as may be feen by the 
cavities in many of them, a part of which is fliewn at Q. 

The perpendicular afcending veffels, fg. 8, P S, or Q R, are thofe 
fmall veffels, which in fg. 6 , between K and L are Ihewn cut obliquely. 

Moreover, I fplit this branch of wood in the middle, as the line 
A E C in Jig. 4 denotes, and from the piece fo fplit, I cut a fmall par¬ 
ticle, dividing the horizontal veffels longitudinally. This particle of 
wood is reprefented ^tfig. q, T VWX YZ AB, where T V, and Y Z, 
are the afcending veflels, and the horizontal veffels which crofs them, 
are fhewn at WX and AB : and in, and among thefe horizontal veffels 
we faw various minute globules, which the limner, as nearly as he 
was able, imitated in the drawing. 

In my obfervations on this wood, I faw four feveral kinds of 
woody tubes, befides other fmaller ones, which, by reafon of their 
minutenefs, as I judged, could not be diftindfly feen ; but thole hich 
could be diffinguiffied I caufed to be drawn. 

Fig. 10, CD, reprefents a tube of the wood partly compofed of 
annular parts, like a wire wound round a pin ; and, next this a tube 
formed in a different manner, feeming to confift of a pellucid mem¬ 
brane, covered with many fmall dots or fpecks, which in leveral places 
were contiguous to each other; this tube is reprefented in Jig. 10,. 
at EE. 

Fig. 11, G H, reprefents a third tube of the wood, co\’^red with 
fmaller fpecks or dots, but, wHat is more remarkable, it contains 
in this fmall fpace five joints, very much like thofe of which ftraw 
is compofed: two of thefe joints are reprefented at G and H. 

I endeavoured alfo, if poflible, to difeover the formation of the 
larger tubes, ffiewm in ^g, b, at I, T, K,L, and while I was thus^ 
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employed, it a])peared to me, that the tranfparent membrane con. 
ftitutiug the tube, was compofed of veflels taking their courfe round 
about the tube. 

To make proof of this, I tore fome of thefe tubes of the wood 
afunder longitudinally, when I perceived, that where torn, they were 
very much indented or jagged, whence I concluded, that however 
tranfparent they might appear to me, they were yet compofed of a 
great number of velTels lying in a circular diredlion. 

Fi^. 12,1 K, reprefents apart of one of thofe larger tubes fo torn and 
jagged, which is very clofeiy united to the adjoining fmall veflel 
at LM in the fame ligure, and from whicli, as I think, this larger 
tube received nourilhment in its growth, and the rather becaufe, 
though the membrane or coat of this tube appeared tranfparent, yet 
it plainly appeared, that the membrane was compofed of minute 
veflels, which appeared to derive their origin from that fmall vefTel. 

I then proceeded to examine thefe larger tubes of the wood, with 
all the accuracy I was able, and I was well allured, that I faw the 
membrane compofmg them to be made of vefTels like flreaks crofling 
each' other at right angles ; a particle of this membrane is fhewn 
mfg. 12, at LNOI, where the veflels or flreaks from I to Nand 
from L to O mutually crofs each other, by which means this thin 
fubftance is flrengthened ; and who can tell how many, and what 
various parts fuch a tube of the wood may contain ^ 

I think I have formerly faid, refpedting tlie veins in tlie 
leaves of trees, that they are of a fpiral twifted form, like that re- 
prefented in lo at C D ; and alfo, that the firing by which many 
nuts (as the filberd, almond, &c.) have nourifliment conveyed to 
them through the hard fliells, conflfls of many veflels of the like 
kind, and upon recollefting this I determined, as far as I was able, to 
difledl tlie young plant I had taken out of the Nutmeg, to fee whe¬ 
ther the veflels reprefented iTifig- lo, at CD and wliich are izi great 
numbers in the wood, could alfo be found in the young plant. 
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For this purpofe, I firft examined the leaf of the young plant, 
that part where it was fo thick as to be opake, and immediately I faw 
in it three diftin6t vefTels of the like fpiral or twifted form, as I have 
before mentioned to have feen in the root. This enquiry I profe- 
cutcd as far as the extremity of the leaf, where I faw a fmall veflei 
of the like kind, and fo diftin< 5 lly, that I could count every finglo 
fold or fpiral turning in it. 

Since it now appears plain to us, that provident Nature forms all 
the vefTels of this tree in fo perfe6l a manner, that the fmall ones in a 
young plant in the feed, are as plainly to- be feen. as thofe in the- 
wood at full growth, which we may juhly conclude is the cafe in all 
feeds, however minute ; we are not to wonder that the fmalleft of any 
animal which we view by the microfcope, is as completely provided 
with all its parts as when it is grown larger. In a. "word, the farther 
we endeavour-to dive into the hidden works of Nature, the more W3 
ought to be convinced, that we never can arrive at her fartheft recefiles,. 
though many perfons, when making ufe of a good microfcopci 
weakly fuppofe, that nothing is out of the reach of their obfprvation*. 



On damaged Mace, comjnonly callecT "white Mace ; the caiife from 
•Luhence this defect arifes, fiewn to he an infedt zvhich feeds on the 
internal parts of the Mace, with a particular dcfcriptioji of that 
infedt j a7id fome farther account of the Nutmeg. 

Up ON hearing formerly, mention made of that fort of Mace 
which is denominated white Mace, I merely thought, that it was not 
fo good either in flavour or virtue as the reddifli-coloured Mace, and 
the rather, as I long ago heard that a certain phyfician had the art to 
give the white Mace the fame colour as the heft ; but having been 
fince informed that this white Mace had fo little virtue, that it was 
forted from the refi; and burnt, and hearing that its inferiority was 
fuppofed to proceed from fome defedf or wnnt of nourilhment in the 
growth of the plant, I had a great defire to examine the nature of 
this white Mace.. 

On converfing upon this fubjedl with one of the Direcftors of our 
Eaft India Company, he informed me of the time when the officers 
at the Company's warehoufe, were employed to fort out the 
white Mace, and gave me permiflion to go to the warehoule 
and fatisfy my curiofity in this refpedf. I accordingly attended 
at the warehoufe, and perceived, not without furprize, that the 
white Mace was compofed of nothing but thin membranes or fkins, 
and I alfo obferved a kind of webs, which I concluded had been fpun 
by fome infedl, which webs were fixed to fome of the Mace, not 
only the found, but alfo the damaged. I brought home with me 
eight or ten of thefe webs, and found them to be covered in part. 
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with certain oblong black particles, which I concluded to be the ex¬ 
crements of the maggots, by which thofe webs had been fpiin : in 
feveral of thefe w'ebs, I alfo faw certain particles which feemed to 
be the fragments of aurelias, from which fome Ipecies of flying in- 
fe6l had proceeded, and, as in one of thefe webs I perceived feveral 
minute feathers, very much like thofe found on the wings of moths, 
I further concluded, that the flying infecls which proceeded from thefe 
webs muft bear fome refemblance to the moths in this country. 

In order to fatisfy myfelf further, I went the next day to the Com > 
pany's w^arehoufe, and fpent a whole hour with fome of the officers 
in fearch of thefe webs, and at the fame time, the officers gave me a 
leaf or piece of Mace very much flirivelled, in which was the ap- 
perance of a web, and on opening the leaf, I found in it a white flying 
infedl, (which was not only dead, but had loft fome of its legs,) in 
fhape and fize not unlike thofe wdiite moths that are found in grana¬ 
ries, and from wdiofe eggs proceeds the maggot called the wffif, ^ 
though I judged this infeef, to be of a difterent fpecies. Upon my 
return home, I examined all the webs 1 had found, and in feveral of 
tliem, difeovered the fkins or cafes of aurelias, from which flying 
infedls had proceeded, and in two of them, the infeds themfelves ; 
I alfo found one perfed cryfalis, and in it the infedf dead ; and upon 
attentively examining this cryfalis, I plainly perceived that it was ex- 
adlly of the fame fliape and nature with all the other fkins of aurelias 
which I had found. I caufed a drawing to be made of this aurelia 
or cryfalis of the fame fize it appeared to the naked e\’'e; this is 
fhewn at figure 13, AB, in which the refemblance is taken as accu¬ 
rately as the limner could imitate it in his drawing. 

Fig. 14, CD reprefents the flying infedl which proceeded from 
one of thefe aurelias; the wings of which, w^ould I believe, have 
appeared longer than here reprefented, had not the animal while 


The defeription of this infed is to be feen at page 25. 
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jilruggling to get out from amongfi: the Mace where it was enclofed, 
broken off part of them, in which ftruggle alfo, 1 fancy it had been 
killed. 

After this, I applied myfelf to examine the white Mace, as it is 
called, a parcel of which I had brought home with me ; and I im¬ 
mediately perceived that all the matter or fublfance which had been 
enclofed between the membranes compofing the outward furface of 
the Mace, was coiifumed or eaten away. This fubftance, which 
for the mod; part, confifts of oily globules, in which the whole 
virtue of the Mace confifts, being fo ftripped from thofe mem¬ 
branes (of which membranes, the leaves of all plants, how^ever final 1 
they be, are compofed, and whereby the internal moifture of the 
leaf is kept from evaporation) nothing remains but the thin mem¬ 
branes themfelves, confifting of wonderfully minute veffels, lying 
length wife in tlie leaf, which altogether exhibit a white appeal aiice : 
hence thefe leaves are called white leaves, or white flowers of Mace, 
whereas, in Ml they are nothing but the very thin membranes of 
thofe leaves. 

I found, on the infide of thefe membranes, various oblong particles 
pointed at the ends, and fome of them tranfparent; thefe I concluded 
to be the excrements of the maggots I have mentioned, and to have 
been voided by them at difterent periods of tlieir growth, becaufe, 
though of difterent fizes, thefe particles w^ere all of the fame fliape. 
Farther, I obferved fome of the broader leaves of Mace to be fo eaten 
away, that only one of the membranes remained, and having in 
vain fought among them for any animalcule, I threw them all away. 

After this, I procured a frefli fupply of the white leaves of Mace, 
not doubting that I fliould find fome dead animals among them. 
At length, after a long fearch, I found a fmall white particle, not 
larger than a grain of fand, which, examining by the microfcope, I 
found to be. an animalcule, the hind part of whofe body was tranf- 
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parent and oblong, but the fore part was covered with fome ex ¬ 
traneous matter, which endeavouring to wipe away, I broke it off 
from the hind part. 

I was, however, hereby induced to make a further fearch, not doubt¬ 
ing, that I fliould find fome of thefe infe 61 ;s of a large fize, but I 
could not difcover any of them among the leaves whole membranes 
were entirely ftripped of their contents ; whence I concluded, that 
the maggots, when grown large, had either quitted the leaves or un¬ 
dergone a change in their form, whereupon I fat about examining 
tliofe white leaves which lay next the others that were found, as alfo 
thofe leaves which were in great part, but not w’holly, confumed ; 
fix or leven of which I had brought with me ; and among thefe, I 
found a few animalcules of the fame fliape with the one I laft men¬ 
tioned ; thefe were not only larger than the former, but their bodies 
were of a reddilh colour, and I judged that this colour'proceeded 
from their feeding on the oily matter, of which the Mace, for tlie 
greatefi: part confifis, and that the former tranfparent animal had died 
before it had fed on that coloured fubfiance. 

15^ is fhewn one of thefe maggots, of the fame fize as it 
appeared to the naked eye ; this was one of the largefi; that I had 
met witli in my fearch. 

The difcovery of thefe maggots very much excited my admiration, 
becaufe I had never feen any thing like them in the Nutmeg, and 
the more, becaufe thefe maggots feed and fubfift on the oil in the 
Mace, of which oil the Nutmegs are alfo in-part com poled. But the 
reafon why thofe animalcules, which feek their food in the Nutmeg 
are not found in the Mace, is, in my opinion this, that thofe which 
devour the Nutmeg avoid the oily matter it contains and only feed on 
thofe parts of the nut where there is little or none of that oil. 

Having thus difcovered the maggots (defcribed in fig. 15,) which 
feed on that thin matter or fubfiance found within the membranes of 
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the Mace, and which afterwards quit the Mace, leaving the mem¬ 
branes themfelves unhurt, except in that part where they firft gained 
admittance ; I caufed a drawing to be made of fome of thefe Mace 
leaves, a part of which is of that fort called Vvdaite Mace, 

Fig. lb, A B K C D E, exhibits part of a leaf of Mace, and in this 
figure, between E F G and FI, may be feen the firipes of the leaf, 
which are engraved with very light touches, fo as to give the appear¬ 
ance of white ; thefe are the parts called white Mace, and from them 
the oily fubfiance is all confumed, leaving only the bare membranes. 
Now, if this whitenefs had been caufed by the want of nourilhment 
in the plant, then the extremities of the leaves at C or D, would have 
been white alfo, whereas, on the contrary, they were of the proper 
colour, and of a good flavour, by reafon that the maggots had 
not eaten away the oil from w ithin the membranes farther than 
where the leaves appeared white. 

Lower down, in the figure, between G and H, may be feen a 
fmali hole made in the membrane of the leaf, whicli 1 conclude, was 
bitten by the maggot, to open for itfelf a paflage into the leaf, and 
the rather, becaufe the thin membranes in this part of tlie leaf were 
entirely unhurt, nor did there appear any perforation in them, ex¬ 
cept in the before mentioned place towards A B. And, if w^e confider 
the narrownefs of tlie cavity in thefe white leaves, where the oil is 
eaten away, we may conclude, that it miifl have been an exceeding 
minute creature which could turn itfelf about in fo fmali a fpace, and 
then procure its fubfihence ; and, between the membranes in this 
part of the leaf, I found nothing, except the excrements of the 
maggot. 

When I was endeavouring, fome time fince, to difcoverthe young 
plant in the Nutmeg, I alfo tried to find out, in what manner the 
nut, while inclofed in its fliell, received nourifliment from tlie tree ; 
and for that purpofe, I took a Nutmeg which was preferved in fugar, 
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and dilTe^led it, but, as the fyriip had penetrated into the infide of 
the nut and was there candied, my fearch was at that time fruitlefs ; 
however, during my prefent inquiry, the forters of fpices prefented 
me with fix or eight Nutmegs, which they had found among the 
Mace, which, with their original hulks, and the Mace inclofing 
them, altogether Ibmewhat bigger than large hazel nuts; and alfo 
two of the fame, fomewhat larger. 

Upon examining thefe nuts attentively, I perceived, that the fkin 
which covers the hard bark or Ihell of tlie Nutmeg, was perforated 
in fome places among the Mace, though the Mace leaves themfelves 
were unhurt; hence I judged, that this perforation was the work of 
thofe maggots, or animalcules which I have in another place men¬ 
tioned, as feeding on thofe parts of the Nutmeg wherein there is 
none of the oily matter compofmg the Mace, on which oil they can¬ 
not fublill. 

I viewed the Mace which inclofed thefe Nutmegs by the micro- 
fcope, and found it to be covered with many dried bodies of 
mites, but in all my fearch, I could not difcover any living mite, 
whence I concluded, that the packages inclofing thefe Nutmegs, had 
been flowed in a part of the fliip near the bread-room, and, upon 
enquiry, I found that this had adhially been the cafe ; fo that I 
doubt not, thele mites, which multiply in vafi; numbers among the 
bread, had been killed, wdien the packages of Nutmegs and Mace 
were flowed there: and this confirms what I have, in another place 
mentioned, that the vapour of Nutmegs is mortal to thofe creatures. 

Farther, upon examining thefe Nutmegs, and the leaves of Mace 
inclofing them, I obferved imfeveral of them, that, at the part where 
they receive their nouriflnnent from the tree, they were perforated 
with a fmall round hole, penetrating into the nut itfelf, the Mace 
for the mofl part appearing untouched ; and this was done where 
the bark of the nut was the foftefl: in one of thefe holes I found a 
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dead flying infe6l, of the fame fpecics with thofe, many of which 
I have mentioned to have found in the Nutmeg. Upon breaking 
open one of thefe nuts, I law, tliat all the internal w'hitilh fub- 
flance of it, where there had been little of the oil, was eaten away, 
and nothing left in the cavity except the excrements of the maggot, 
and the web it had fpun while in that place ; but, as I did not find any 
Ikin or remnant of an aurelia, I judged that the maggot, not finding 
a fufficient quantity of fuftenance in this nut, had quitted it before it 
arrived at its full growth. On this occalion, I could not but admire 
theinftinbl which teaches thefe infcdls to perforate the hard Ihell of 
the Nutmegs, and for that purpofe, to find out that part in it which 
is fofter than the reft; for tliis I found to be the cafe not merely in 
one or two inftances, but in as many as ten Nutmegs, 1 obferved the 
fame. 

Fig. 17, LMN, reprefents the Nutmeg inclofcd in its Ihell, and 
covered with the leaves of Mace, but which coverings are, in India 
ft ripped olf while frefli and green. All thefe receive their growth 
and increafe through the part between L and M, tvhich is the place 
where the nut adjoins to the tree , and I at firft thought, that the 
Nutmeg was nourifhed from its fliell or bark, as I had obferved was 
the cafe with the walnut; but upon a more careful inveftigation, 
and after cutting open the fliell with a fine faw, I found, that I had 
been miftaken herein, for I could not difeover any thing at the part 
marked LM, which had the appearance of having tranfmitted 
nourifliment to the fruit. I foon, however, perceived two places 
adjoining to each other, one, as I concluded, for the nourifliment of 
the bark, and the other of the nut itfelf; and, on further fearching, 
I law, that the veflels deftined for this purpofe, did not immediately 
enter the nut at that point, as I had obferved in filberts, almonds, 
and other feeds, but that the veflels in this nut take a courfe from 
M hi Jig. 17 to the point of the nut atN, and there pafs through the 
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fiiell, and by tins means, the nut receives its nourifnment; for it is 
not united to its fheli in any other pkice. 

To exhibit this to the eye, 1 caufed a drawing to be made of the 
bark or fliell containing the Nutmeg, after the leaves of Mace had 
been dripped off, and having alfo fird loofened from it the dring 
through the vedel's in which nourifhment is conveyed, leavingonly the 
dring affixed to the part where it enters through the bark, to Ihew 
more plainly tlie place where the nut receives its nourifhment. 

Fig. i8, O PQ, reprefents the bark or Ihell wTerein the Nutmeg 
is inclofed ; Q R, is the dring, confiding of multitudes of vefi'els wdiich 
convey nourilhment to the nut; O and Q exhibit the furrow or 
creafe wherein the dring lay before it w^as pulled out. This dring I 
cut into very thin dices, fome of which I placed before the micro- 
fcope, that I might the better difcern the great number of veflels in 
them, of which I caufed a drawing to be made, as nearly as they 
could be didinguifned and reprefented. This is fliewn in/g. ig, 
ABODE, being one of the dices I have mentioned, cut obliquely, 
and magnified. 

Now, if we contemplate the incredilde number of vedels in fo 
fmall a dring, (for that which in/^-.iS is diewn at Q R, is, in 
reality twice the fize of the real dring, becaufe I did not drip it of 
the fkin wRich covered it, led I Ihould injure the vedels it contained) 
befides thofe which the fight cannot reach, we mud conclude, and 
be adured, that there is not a vedel in a full growm Nutmeg tree, for 
whatever ufe it may be dedined, but there is a fimilar one in this 
dring; otherwife it could not communicate to the young plant 
in the Nutmeg, all the vedels requifitefor the formation of the future 
tree and fruit. 

In a wnrd, the inconceivable perfedlions which are contained in 
thefe drings of plants, and confequently in every feed, are to us in- 
comprehendble, and, dill more, infcrutable. 
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Moreover, I have given a drawing of the bark or (hell of the 
Nutaieg, wiicii broken in two, having lirft ftiick a pin into the place 
through which the ftring, which I have been defcribing pahes, in 
order more plainly to fliew the nature of it. This is reprefented at 
jig. 20, S T V, in which figure, W X is the pin, marking the place 
through which the ftring pafled, and at Y is a kind of protuberance 
on the infide of the fhell; in the nut itfelf is a cavity correfponding 
with it, and above this cavity, is the place where the ftring is united 
to the nut; but the ftrings are almoft always broken from the Nut¬ 
megs before tliey arrive in Europe, becaufe the nuts in drying, or by 
the evaporation of their moifture, become fmaller, whereas the hard 
fneU dries and fhrinks little or nothing, fo that the nut getting loofe 
within, does, by its weight break off the firing, and, when fliaken in 
the fliell may be heard to rattle. 

At fig. 21, F G H, is a drawing of a piece of the fliell at that end 
next the tree, and at K is the round hole I have mentioned, in one 
of which holes, I found a flying infedl ; in this figure alfo, that part 
of the firing conveying the nourifhment to the nut, and which here, 
is joined to the tree, is fhewn at I K L : this fhell being removed, 1 
found that the animal had penetrated into the nut as I have before 
obferved. 

Fig 22, M N O, reprefents the nut itfelf, in which the above men¬ 
tioned fmall hole, is fliewn between P and O : at this place, the 
young plant is fituated in the nut, and here alfo, as far as I have ever 
obferved, the infedls penetrate the nuts becaufe it is the foftefl part 
of the fruit, and contains the leafi of the oil. 

Since we now fee, that thefe creatures, not only when maggots, 
but alfo when changed into flying infedfs, feed on thofe parts of the 
nut where the oil leafi abounds, we may readily conclude that, how¬ 
ever minute, they are very pernicious to Nutmegs. In the fiate of 
flying infc 61 :s, however, they are not, in my opinion, fo hurtful on 
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•account of their feeding on the Nutmeg, as by laying their eggs, the 
maggots proceeding from which, mu ft be exceedingly pernicious, 
becaufe tliey acquire their whole growth within the nut. 

I am perfuaded, that if the timber and wood in warehoufes was 
painted with the common red paint ufed in this country, the fpices 
miglit be preferved from many noxious mfecfs, becaufe the particles 
of that paint, though ground very fine, are of fo hard a nature, that 
no fmall infedl can penetrate them. And if tiie wood is obferved 
to be perforated with many worm-holes, the painting flrould be 
repeated until all thofe holes are ftopped up with it. 

It may be faid indeed, that Nutmegs and Mace are kept but a fliort 
time in the warehoufes, and therefore not liable to be much injured ; 
but in that iliort time, and while expofed to dry, they may be in- 
fedled by thefe flying infedls laying their eggs among them ; and it 
is well known, that many of thefe creatures lay many eggs in a very 
little time. Indeed, if Nutmegs and Mace are kept in large heaps in 
the warehoufes, I believe that only the furface of them might be ex¬ 
pofed to injury, becaufe the infedls cannot penetrate far into the 
heaps to lay their eggs, and therefore the middle of thefe heaps may 
be uninjured. 

But thefe matters are all conjedlure, and, as it were, riddles to us 
at this diftaiice, refpecting which, thofe who are employed upon the 
fpot, in colledling or drying the fpices, could give much better in¬ 
formation, if they were perfons of intelligence and obfervation. 

To return to the infedls whicli 1 found among the Mace ; I was 
doubtful how to piirfue my enquiry refpedfing the generation of thele 
creatures, and the rather, becaufe thofe which I found, were not 
only dead, but their bodies very much dried, for, had they been 
living, I doubt not, that I fliould eafily have difcovered the manner 
in which their fpecies is propagated. 

At length, upon confidering the lhape and make of tliefe mag- 
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gots, and, having feen by the microfcope, that their bodies are 
formed with creafes or rings, it occurred to me, that they were of 
that fort which do not bring forth young ones while in that ftate, 
but, like catterpillars, feveral kinds of maggots, and alfo fleas, 
change into aurelias, and thefe again into flying or creeping infedfs, 
and in that flate couple and lay eggs. 

Now, as I had found thefe maggots among the fkins of the Mace, 
I concluded, that when their change approaches, it is in their nature 
to abandon the leaves : and, as in my former fearch I had found a 
cry falls, which I concluded had been changed from one of thefe 
maggots, inclofed in its fliell or covering, I went a third time to the 
India Company's warehoufe, and caufed a confiderable quantity of the 
white Mace to be put into a fieve and fifted, in expedlation, that 
among the finer parts, which pafled through the fieve, I fiiould find 
feveral infedfs that had gone through their change. 

By this means, I obtained two handfuls of fmall matter or duff, 
mixed with many minute particles of Mace, but I perceived, that 
the greater part confifted of the excrements of infedls ; I alfo 
took a handful of duff, fifted from a parcel of Mace, before the 
officers had forted the damaged from the found : on my return, 
I carefully examined the whole, and found in it, at leafl one hundred 
dead animals, which I concluded had been produced from the be¬ 
fore mentioned maggots, I alfo found two flying infedfs of the fame 
fort with thofe which I had obferved in the Nutmeg ; likewife the 
fkins of two aurelias, and one of thofe creatures called a weevil, but 
which, as well as the reft, was dead. Such of thefe animals as had 
been produced by tranfmutation, were all of the like make, and al- 
moft of the fame fize as the full grown maggots, and I judged, that 
if they had not proceeded from thofe maggots, they would have 
been of different fizes. 

Some of tliefe maggots, I placed before different microfcopes, 
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that I might caiife a drawing to be made of fuch one of tliem as was 
the inofc perfedl, becaufe all that I found were not only dead, but fo 
dried, that the leail touch would break their bodies, or at lead their 
feet. 

I have already given at fg. 15, a drawing of one of thefe maggots, 
of the natural fize; Fig. 23, EFGHIKLMNO, reprefents the lame 
maggot as fcen through tlie microfcope : the body of this creature 
is formed with many joints or rings, alfo with fix fmall feet, fiir- 
nilhed with curious nails, the extremities of which nails are indented 
or notched, as fhewn at G and N. 

In the lower part of the body of this animal, as well on the belly 
as on the back, there appears an uncommon number of blood vedels, 
which, on each fide of the body at HI and ML are the thickeft and 
larged, and feem to come from the inner part of the body : thefe 
blood veflels are divided into various exceedingly minute branches, 
ieveral of which, proceeding from H to M, and from M to H there 
meet, and are again united, which not only appears in the branches 
about H and M, but alfo through the whole body, though the limner 
could not reprefent them all. 

In the head of tliis creature, fo many organs appeared, that they 
could not all be copied in the drawing. 

At O and F are reprcfented, two prettily diaped horns, made with 
joints, and covered with hairs ; at E is the mouth, or rather two 
teeth, fomething like pincers, with which the maggot, as I judge 
bites into the leaves of the Nutmeg on which it feeds, and fcrapes 
off the fubhance they contain, within the fkin : P P are two other 
organs with which the head of this maggot is furniflied. 

I know very well, that thefe fmall animals are called bloodlefs, a 
name given to them by thofe, who, I fuppofe could not difcover 
either the blood or the blood veffels, but this miftake I attribute only 
to their want of better information. 
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Now, as all caterpillars, maggots, and other fmall animals when 
changed into flying infe6ls do ft ill preferve the fame fort of creafes, 
rings, or divifions, which they originally had, fo I perceived in the 
flying animal, produced from thefe maggots, the fame kind of rings 
or divifions, but thefe did not become confpicuous till tlie two fhells, 
or cafes which covered the hind part of the body were removed: 
under thefe cafes lie two exceeding fmall wings folded together, and 
by reafonof their being longer than the body, doubled up : fo that it 
I'eems probable to me, that thefe creatures are formed in the fame 
manner as infedls of the beetle kind, with regard to their wings, and 
the cafes that cover them. 

If we refledf on the nature of thofe flying animals, whofe wings 
are thus folded up and covered with fliields or cafes, and who are 
deftined to feek their food in hard fubftances, fuch as wood, nuts, 
and the like, or who are hatched in the earth, we fhall fee the ne- 
ceflity of their wings being formed in that manner, for if the wings 
w^ere not longer than the hind parts of their bodies, they w-ould be 
too fmall for flight, and if not defended by the cafes or fliields, they 
would be liable, when the animals are creeping into holes either in 
the earth or in the hard fubftances on wiiich they feed, to be fo 
broken or injured, as to be unfit for the purpofe of bearing them 
through the air. 

Thefe animals, even after they are converted into flying infefts, 
do, in my opinion, take food, contrary to what is obferved in the 
moths or butterflies produced from filk- worms and caterpillars, for 
I obferved, that feme of thefe were of a bright and others of a dark 
red, the former of which, I fuppofe, had not been long changed, 
and therefore had not taken fo much food as the latter. 

I have often thought, that perhaps, thefe kinds of animals may 
feed upon w^ood, but, that when they get among Mace, which is of 
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a much fofter nature, they may then multiply much fafter than 
tliofe which breed in wood, and efpecially in the harder forts, 

I placed one of thefe creatures, changed from the maggot into a 
flying infed, before the microfcope, and having removed the fhields 
or cafes of its wings a little afide, in like manner as if the animal 
was living and about to take its flight, I beheld fo wonderful a piece 
of workmanfhip, wrought with fuch curious art, that I determined 
to have a drawing made of it, though it was impoflible to delineate 
all the wonders that were difplayed in this minute animal. 

Fig. 24, ABCDEFGHIKL, exhibits this flying animal, which 
appeared longer than the maggot from which it was produced, the 
reafon of which I take to be, that the bodies of thefe maggots being 
very foft, they contrad when their moiflure evaporates, whereas 
when changed into flying animals their bodies are hard on the oiitfide, 
and therefore cannot contra 61 . 

LM, and BN, are the two horns made with many joints and 
covered with hairs. 

L, B, are the eyes compofed of various optical organs, though 
but few in comparifon of thofe which are found in the eyes of 
flies. 

This creature has fix feet, each furnifhed with two curioufly 
made little claws ; the legs are made with various joints at the 
extremities, and are covered with hairs, or rather with pointed par¬ 
ticles like thofe on brambles : two of thefe legs with their claws, are 
fliewn at C O and D P. 

At DE and KI are pihfured the two fliields, or cafes, with which 
the animal, when not in the a6l of flying, can cover the hind part of 
its body, fo that I conclude, no particles of the wood, or of the Mace, 
nor any drops of water which may accidentally fall on its body, can 
injure the wings. 

Upon attentively contemplating thefe fliields or cafes, I was 
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aftoniniecl at the wonderful and elaborate workmanfliip exhibited in 
this creature, which appears fo minute to the naked eye, but does, 
I think, in perfeclion, far exceed the larger animals we daily 
beliold. 

If we advert to the hind part of the body, formed with joints 
indented in the fame manner as in the maggot, from which, by 
tranfmutation it was produced, and obferve the multitudes of veins, 
fcattered over it, we muft more and more be confounded at fuch 
great perfedfion in fo minute a creature. 

In like manner in the wings, we fee many veflels and fmews, 
which finew^s ferve to expand and flrengthen them ; likewife many 
pointed particles or hairs, with which the membranes of the wings 
are covered : it is alfo wortliy of obfervation, how the wings are 
folded and doubled up, both in length and breadth (wdiich is fhewn 
between G and H. as nearly as the limner could imitate it) in order 
that they may be entirely covered by the cafes ; befides which, this 
animal is provided with another exceedingly minute wing on eacli 
iide. Let us alfo confider, with what inconceivably minute finew's 
or mufcles thefe wings muft be provided, in order that the ani¬ 
mal, when it prepares for fliglit, may unfold them both in length and 
breadth; and how the joints and fmews muft be contrived, fo to 
ftrengthen the wrings W'hen unfolded, that by their fwift vibrations, 
the animal may fliapc its coiirfe through the air. 

In order, more clearly, to give an idea of the foldings in thefe 
wings, I took one of them from under its cafe, and placed it, together 
with the finew or mufcle which adhered to it, before a microfcopc, 
diredbng the limner to make a drawing of it, and alfo of the finew^, 
whereby the wing is unfolded and put in motion. 

QSVWXY, reprefents this wmg according to its 
pofition when covered by the cafe or fliell ; V, is the broadeft part of 
the wing, and this part lay either under or above the correfponding 

Qq2 
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Wing. QR is the niufciilar part, by means of which, not only the 
wing is put inanotion, but doubtlefs many Icfler mufcles are derived 
from this, by means of which, that part of the wing at W X Y is 
extended in length, and the part at Y Q expanded in breadth : at 
S T is the minute wing I mentioned above. 

When we duly confider this mofl -perfedl workmanfliip of the 
Divine Artift, we muft confefs, that thofe things which we difcover 
by our microfcopes and induftry, are but as the fliadow of thofe 
which hitherto remain concealed from us, not only in fuch fmall 
animals as this now under confideration, but alfo in larger animals, 
and in plants. 

It is to be hoped then, that the enquirers into Nature's works, by 
fearching deeper and deeper into her hidden myfleries, will more and 
more place the difcoveries of thofe truths before the eyes of all, fo as 
to produce an avcrfion to the errors of former times, which all thofe 
who love the truth, ought diligently to aim at. For, 

We cannot in any better manner, glorify the Lord and Creator of 
the Univerfe, than that, in all things, how fmall foever they appear 
to our naked eyes, but which yet have received the gift of life, and 
power of increafe, we contemplate the difplay of his Omnifcience 
and Perfedlions with the utmoft admiration. 


END OF THE FIRST VOLUME. 


SIDNEY,—PRINTER, BLACK HORSE COURT, FLEET-STREET. 
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